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Problem 

To describe an economic model that was developed for estimating the 
ability of surviving productive capacities to support human survivors ol direct 
weapons effects after a major nuclear attack on the US. !t covers the princi¬ 
ples on which the model is based and enough information on the origins of the 
numerical estimates to give a reade ' some idea of the value of its use. 

The mixlel is limited to teclmological possibilities without regard to 
whether the economy would actually be managed well enough to realize such 
physical potential. The economy analyzed by the model is as of some date 
after decontamination and completion of any minor repairs that can restore 
service of some daiuagecl capaciti- s. 


Background 

Development of the model was part of the work under a contract to in¬ 
vestigate the economic-viabilit} implications of light population casualties but 
heavy damage to nonhuman productive re.sources. Results of applications of 
the model to specific damage assumptions appear in classified documents. 


Discussion 

Eietails of the model structure are based on the assumption that a margin 
between the number of pe-ple actu'Uy needing support by the economy and the 
number that potentiaby could be supported indefinitely is a good index of via¬ 
bility of the economy. A larger favorable margin supports greater confidence 
that the population will survive despite either errors in the model or ineffi¬ 
ciency of the postatiack system for managing the economy. A larger margin 
also implies immediate availability of more slack in the economy for applica¬ 
tion to growth-producing investments. 

The model allows for no relief of bottlenecks by imports. To the extent 
that imports are available, particularly without having to be paid for imme¬ 
diately by exports, the survival problem will be easier than indicated by the 
model. 

The model is a linear-programming analysis with activities that consist 
of alternative production processes, .support of population, and .stipporl of 







governmental activities. The amount of the last is a fixed charge on the econ¬ 
omy. The model chooses combinations of levels of the various production 
processes that maximize the number of people who can be supported without 
violation of any of the capacity constraints or other feasibility conditions of 
ihe model. The capacity constraints are capacities surviving an attack (after 
repair of light damage). In principle the model could be modified to include 
roiliiary and investment activities, and the objective of maximizing the number 
of people that can be supported could be modified. 

Although a number of dynamic elements could be introduced to the model, 
ii is important to note that the model is presently static. It is static in the 
sense that the calculated rates of delivery of end products of the economy to 
governments and households are rates that can be maintained for an indefinite 
period. The rates of delivery do not depend on depletion of inventories of 
either end products, materials, or goods-in-process. The absence of invest- 
.ment activities as the model is now formulated also implies that the model is 
static in the sense that there is no provisif for changes in the capacity of the 
econ.omy to make deliveries of end products. As noted earlier, a good margin 
betv;een requirements and potential for survival production implies the exist¬ 
ence of slack for investment in growth of the economy's ability to deliver end 
products. 

It is conceivable that, after an actual attack, investment would be needed 
very soon to halt depletion of inventories of commodities crucial to survival. 
Here the investment w'ould be to preserve an existing rate of delivery of end 
pr(xiuct.s rather t.han to expand the rate. The main part of this paper includes 
some discussion of how the present mode^ might be modified to include some 
provision fui investment activities needed to maintain feasibility of a given 
rate of delivery of end products. 
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FOREWORD 


This is one of two RAC papers prepared as part of a study of the capa¬ 
bility of the US economy to continue to support the immediate survivors of a 
nuclear attack in which the damage to industrial capacity is large in relation 
to the population lost to direct weapon effects. The other paper has been 
issued as Bernard Sobin and David F. Gates, “Economic Implications of High 
Population and Low Property Survival in Nuclear Attack on the United States 
(U),” SE'^RET, RAC-TP-317, August 1968. 

The present paper describes a n;odel that was used as one of the inputs 
to thp classified paper. The model is designed to calculate the capability of 
the economy to support survivors after hypothesized attacks, and it can deal 
with attacks other than the ones hypothesized for the classified paper. 

The model is a static one, with no provision for postattack investment 
to relieve any capacity bottlenecks that remain after decontamination and re¬ 
pair of light damage. A later publication will describe an augmentation of 
this model to include a period of investment before the steady state. 

Arnold Proschon 
Head. Economics and Costing Department 
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Problem 


To describe an economic model that was developed for estimating the 
ability of surviving productive capacities to support human survivors of direct 
weapons effects after a major nuclear attack on the US. It covers the princi¬ 
ples on which the model is based and enough information on the origins of the 
numerical estimates to give a reader some idea of the value of its use. 

The model is liniitec, to technological possibilities without regaru 
whether the economy would actually be managed well enough to realize such 
physical potential. The economy analyzed by the model is as of .‘^ome date 
after decontamination and completion of any minor repairs that can restore 
service of some damaged capacities. 


Background 

Development of the model was part of the work under a contra< t to in¬ 
vestigate the economic-viabili y implications of light population casualties but 
heavw damage to nonhuman productive resources. Results of applications of 
the mcxiel to specific damage assumpt ns appt'ar in classified documents. 


Diacussion 

Details of the nUKlel structari* are based on the assumption that a rnargi' 
between the numtx'r of pimple actually needing sui)|)ort bv the economv and the 
number that potentially could be supported indefinitely is a good index of via¬ 
bility of the '■••onomy. A larger favorabie margin supports greater confidenct 
that the population will surviM- despite ei(h«>r errors m the model or ineffi¬ 
ciency of the postattack system for managing flu l•conu^tv. A larger margin 
also implies imniediafe availability of mori' sl.ick in the e<-onomy for applica¬ 
tion to growth-prisiucing investments. 

The model alh'ws for no relief of (>ottli“neeks bv iiiijiorts. To the e.xtent 
that imports are available, particularly without having *>> In* paid for mime 
diately by exfKirls. the survival probieni w ill b«' easier tiwt; indicated by the 
modt ’. 

The rr..>del is a linear programming analysis w ith ai tivities that coiusist 
of alternative production pri>cesses, support of population, and support of 






governmental activities. The amount of the last is a fixed charge on the econ¬ 
omy. The model chooses combinations of levels of the various production 
processes that maximize the number of people who can be supported without 
violation of any of the capacity constraints or other feasibility conditions of 
the model. The capacity constraints are capacities surviving an attack (after 
repair of light damage). In principle the model could be modified to include 
military and investment activities, and the objective of maximizing the number 
of people that can be supported could be modified. 

Although a number of dynamic elements could be introduced to the model, 
it is important to note that the model is presently static. It is static in the 
sense that the calculated rates of delivery ot end products of the economy to 
governments and households are rates that can be maintained for an indefinite 
period. The rates of delivery do not depend on depletion of inventories of 
either end products, materials, or goods-in-process. The absence of invest¬ 
ment activities as the model is now formulated also implies that the model is 
static in the sense that there is no provision for changes in the capacity of the 
economy to make deliverie.‘' of end products. As noted earlier, a good margin 
between requirements and jKitential for survival production implies the exist¬ 
ence of slack for investment in growth of the economy's ability to deliver end 
products. 

It is conceivable that, after an actual attack, investment would be needed 
very soon to halt depletion of inventories of commodities crucial to survival. 
Here the investment would be to preserve an existing rate of delivery of end 
products rather than to expand the rate. The main part of this paper includes 
some discussion of how the present mixlel might bv modified to include some 
provision for investment activities needed to maintain feasibility of a given 
rate of delivery of end products. 
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A Model of Technological Capacity 
To Support Survivors of Nuclear Attack 





INTRODUCTION 


Developmrnt of the model described here was part of a project to deter¬ 
mine whether civil defense measures directed at saving lives but not property 
from direct weapons effects have any significant likelihood of being defeated 
ultimately by inability of surviving production capacity to support all the sur¬ 
viving popul'tion. Another RAC paper' includes an application of the model to 
a particular nuclear attack. 

The basic problem can be subdivided according to a number of orinciples 
of classification. One possible subdivision is by time period dealt with. Other 
subdivisions can be physical problems when physical resources are used 
in optimal fashion or management p'-oblenis (monetary and fiscal policy, price 
controls, material controls, etc) for optimizing the use of resources. The 
model described here deals with physical capabilitie.s (with management as¬ 
sumed perfect) of resources that exist after a period of '..learing rubble, de¬ 
contamination, and completion of repairs that do net cause significant drain on 
productive resources. The model is used to determine whether the fixed plant 
and equipment plus land and labor resources are then sufficient, without further 
augmentation by investment or by imports in excess of normal, to provide for 
minimum levels of governmental activity and indefinite support of the popula¬ 
tion in good health. 

The model goes into great detail on food production and supporting activi¬ 
ties as central to survival. The detail is in the form of highly disaggregated 
food-proauction activities and provision of flexibility in mixes of focxl-produc¬ 
tion activities to meet survival requirements. A distinguishing feature of the 
model is concentration of detail in ?he sectors considered mc- .t imponant for 
the principal model application. More detail in other sector 5 would be needed 
for useful application to otner kinds of problems. 
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GENERAL CHARACTERISTICS OF THE MODEL 


The model is an application of linear-programming mathcujatics. The 
problem is to find a combination of levels of available types of activities that 
maximizes a linear function of those activities subject to a set of linear in¬ 
equalities in which the activity levels are the variables.’ 

Mathematically the problem may be stated as 

maximize 


subject to 


where X, is a variable level of the jth activity rate (', , the given contribution 
to the objective I per unit of the jth activity rate: a,) , the amount of the ith 
item used or made available per unit of the jth activity. The model has 149 
activity rates (annual) into which all resource-using activity for survival has 
been divided, and there are 82 co.istraining rows. 

The a,) are, by convention, positive for inputs to activities and negative 

) 

for outputs. The expression I for an i representing goods and services 

currently produced may be considered an excess oi « urrent input requi. aments 
over current output. When this sum equals zero, requirements equal supply, 
and the usual row constrains the sum to be less than or equal to a b, of zero. 
Occasionally there is a row with a constraint that the sum be greater than or 
equal to a b, of zero. Such a row occurs, for example, in certain nutrition 
cases (to be discussed later) where a constraint is needed to make sure that 
what can healthfully be consumed be at least as much as is supplied to the diet. 

For an i representing fixed capacities, the expression h a consists entirely 

of requirements, and this sum is constrained to be less than or equal to a b, 
that represents postattack capacity. Finally, in a few cases, b^ is preceded by 


*A theorem in linear programming Ktates that if there is more than one combina¬ 
tion that meets the requirement there are infinitely many. 
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an equality sign to represent a stipulated level of one activity or a stipulated 
level of use of a fixed capacity. 

Appendix A has the entire ma.lrix of n,; . Table 1 classifies the matrix 
elements by column (activity), rov; (constraint), and sign (noted earlier as in¬ 
dicating outputs if negative and inputs if (xisitive). The following comments 
describe the matrix in terms of both activities and constraints. 


ACTUITIES 
Persons Supnorted 

Persons supported is a class consisting of only one activity, the number 
of millions of people supported each year. It is the only variable with a non¬ 
zero f |, This is convenient because the absence of other nonzero terms of the 
objective function implies that the selection of activities thai maximize the ob¬ 
jective is identical for any positive magnitude that mav he assigned to the value 
of human liie. 

Each million persons supported requires minimum quantities of calories 
and particular nutrients. There is also a maximum number of calories that is 
compatible with health and a maximum weight of food that can be eaten. The 
plus entries in the box for human nutrients represent u,, describing; amounts 
of these minima and maxim? per million persons supported. 

The industrial capacities indicated per million persons in the -persons 
supported” column are capacities that are required directly and indirectly to 
support delivery cf nonfood commodities that the average person is considered 
to need for his support. For example, footwear requirements imply need for 
footwear-production capacity directly plus leather tanning and finishing, elec¬ 
tric power, fuel and many other kinds of industrial capacity indirectly. Each 
row of the group “industrial capacities” has the sum of all direct and indirect 
demands on that capacity for alt nonfood requirements of one million people. 

Pursuing the footwear iliusti-ation further, it may be noted that an indirect 
input to footwear production is hides and skins. The production process that 
produces hides and .skins happens to be defined in terms of ihe amount of meat 
produced, and any capacity constraints appear in the model as constraints on 
meat production. Regardless of how production processes and constraints are 
defined, however—it would be just as correct to call hides and skins the princi¬ 
pal product and meat the byproduct—the requirement for hides and skins per 
million persons must be provided for. 

The byproducts covered by the model are the hides and skins just men¬ 
tioned and cotton fiber. The latter is a byproduct of cottonseed (a food and 
animal-feed product) production. Here the byproduct is, at least in peacetime, 
more valuable than the principal product. It illustrates the principle that the 
determination of which of joint products is the byproduct is arbitrary. Appli¬ 
cations of the present model are not affected by which of the joint products are 
defined as the byproducts. 

Labor requirements are similar in concept to industrial capacities and 
byproducts. The production processes that directly or indirectly produce the 
nonfood requirements per million persons all use labor. The entry in a “labor” 
row is the sum of all these labor requii'emcnts. 
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The foregoing listing of items in the “persons supported” column has both 
diiect and indirect inputs to nonfood requirements but only direct inputs to food 
requirements. This reflects the fact that the indirect inputs to nonfood require¬ 
ments per million people are the same for all model applications, whereas the 
indirect inputs to food requirements depend on the solution mix of foods and 
ways of producing them. The model does, of course, account for indirect in¬ 
puts to nutrition but does 30 as inputs to separate activities for each way of 
producing each food. 

Production 

Maximizing the number ot persons that can be supported involves decisions 
about three classes of production variables: crops, livestock products, and in¬ 
dustrial inputs to agriculture. The decisions for the last group are really im¬ 
plied by those of the first two groups and could have been omitted from the list 
of decision variables. The way they were retained, however, avoids any over¬ 
determination of the model and has some conveniences in analysis of solutions. 

The crop-production activities pr duce both food and animal-feed crops. 
The negative entries in the human-nutrient and livestock-nutrient rows refer 
to amounts of nutrients yielded in later proces.^ing (including byproduct produc¬ 
tion) per billion pounds of each crop after any crop deductions for seed. 

The plus entries in the next two classes of rows represent amounts of 
types of land and industrial inputs to agriculture required per billion pounds of 
each crop. 

A single row for soybean-grain mix has soybean-meal equivalents for 
bread baking per billion pounds of soybeans and of breadgrains. The sign is 
plus for the soybean crop and minus for the breadgrains. The reason for this 
row is discussed in the section “Balance Constraints,” subsection “Special 
Constraints.” 

The industrial-capacity rows are industrial capacities required directly 
as inputs to agriculture (fertilizer, pesticides, and petroleum products) and 
required both directly and indirectly as inputs to the processing and distribu¬ 
tion of agricultural products The indirect inputs to agriculture are accounted 
for in the columns for industrial inputs to agriculture. As suggested earlier, 
it would have been possible to consolidate the columns for industrial inputs to 
agriculture with the columns for the agricultural activities. 

The negative entry in the byproducts section is production (negative re¬ 
quirement) of cotton fiber per billion pounds of cottonseed. The remaining en¬ 
tries in the crops columns are self-expianatory. 

The labor entr-es are for labor employed in agriculture per billion pounds 
of each crop plus labor required directly or indirectly to process and distribute 
each billion pounds of crop. 

The columns for livestock products (beef, milk, pork, lamb, poultry meat, 
and eggs) can be explained in much the same way as the columns for crops. 

The negative requirement in the byproduct section is hides and skins yielded 
by beef production. 

The industrial inputs to agriculture are columns each of which refers to 
a row of the group with the same class name. Each column has a negative en¬ 
try in the corresponding row giving the aniounl of the inaustrial output (nega¬ 
tive requirement) in units used for the row per unit used to measure the level 
of the column production activity. 
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The entries for industrial capacity and labor rows are amounts of each 
industrial capacity or unit of labor that is required directly or indirectly for 
each unit of delivery to agriculture. In the case of a capacity required directly 
(e.g., petroleum-refining capacity per unit of petroleum-product deliveries to 
agriculture), the entry is unity for the d’ -ect requirement plus any feedback of 
additional capacity of the same type required indirectly (e.g., additional petro¬ 
leum-refining capacity required indirectly to support output of the industries 
that supply inputs to petroleum refining). The government-operations class of 
activity lus only one column in the present model although a breakdown by type 
of operation would be possible. The industrial capacity and byproduct eriiries 
are direct and indirect requirements to support sales of goods and services to 
Federal, state, and local governments. The labor row consolidates the labor 
for purchased goods and services with labor employed directly. 

The entry in the row for level of government is a factor to convert units 
of the column activity to units of the row constraint. The model hapoens to de¬ 
fine both units identically; hence the scaling factor is unity. 


b.\lance constraints 

The matrix elements whose signs appear in Table 1 have already been 
stated to be coefficients of variables in a linear inequality or equation. The 
types of constraining inequalities and equations are discussed in the following 
paragraphs. 

Human Nutrients 

A human-nutrient row for a lower bound per million persons states that 
the requirements of the nutrient to support surviving persons, minus the 
nutrients produced by crops, minus the nutrients produced by livestock, must 
be less than or equal to zero. 

A row for an upper bound states that the maximum consumption for all 
survivors must be no less than the quantities yielded by crops and livestock, 
i.e., production must not exceed what can healthfully be eaten. There are upper 
bounds for calories, fats, and weight of ration. 

This second kind of balance constraint would not be necessary if food 
weight, calories, and nutrients Were not yielded in fixed proportions by crops 
and livestock products. An optimal production program would not produce more 
of any item than could healthfully be consumed. Constraints may be needed, 
howeve", to prevent the satisfaction of requirements of some nutrients by types 
of food with such small percentages of those nutrients and such large percent¬ 
ages of calories, fats, or weight as to make the intake of food excessive m one 
or more of calories, fats, and weight.* 

Live stock Nutrients 

In the cases of kwer bounds, a typical livestock-nutrient balance con¬ 
straint states that what is required to produce the solution quantities of live- 

•At present It appears that a typical situation is one in which Ulets that maximize 
the number of persons supporUni are well below maximum p<‘r capita levels of calories, 
fats, and weight. The constraints on maximum producUon have therefor^ not b«’en neediNi 
yet. 
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stock products minus what is yielded by crops (including pasture and byproducts 
of human-food crops) must be less than or equal to zero. That is, requirements 
must be less than or equal to supply. A row for upper bounds (on weight of ra¬ 
tion) states that the maximum consumption of nutrients in production of the 
solution quantities of livestock products mi st be no less than the quantities 
yielded by the ci o, s. 

Land Classes 

The typical land constraint deals with the maximum acreage that can be 
devoted to a crop or class of crops. Thus there are maximum acreages for 
each crop, for grains as a class, for all crops other than pasture, and for all 
crops including pasture. Each such constraint for a class of land states that 
the combined requirements for all crops must be less than or equal to the 
amount of the class of land available. Convertibility of land to alternative uses 
is allowed for by the rough device of having the sum of subclass ma.tima of a 
class exceed the class maximum. For example, the sum of maximum acreages 
for each grain exceeds the grainland maximu.m, which implies that maximum 
use of grainland for some grains is not consistent with maximum use of grain- 
land for other grains.* 

In addition to the maximum acreages, there are three minima. The amount 
of land devoted to fruits and vegetables must be at least as great as in recent 
peacetime years. The principal reason is that the model omits specific account¬ 
ing for vitamin C and other nutrients for which fruits and vegetables might be 
important. In addition the small amount of land involved would not add much to 
the output of crops higher in calorie and protein yields, and in the case of fruits 
the conversion to other production would mean loss of trees well beyond the 
end of the food emergency. The third minimum acreage constraint relates to 
wheat. At least one-half the land suitable for wheat must be devoted to wheat. 

At least that much Wheatland is considered not usable for other crops w ith nor¬ 
mal inputs and yields. 

Industrial Inputs to .Agri jlture 

The model accounts for three industrial inputs to agriculture: fertilizers, 
pesticides, and p(.‘troleum products. A row for each states that the a tgregate 
requirements for crop production minus the amount produced by industry must 
be no greater than zero. 

Special Couotraints 

The constraint with respect to mix of soybeans and grains is designed to 
limit the proportion of soybean meal in bread flours and as a meat extender. 
Soybean meal is far superior to wheat flour, rye flour, and cornneal as a 
source of protein and is also superior to meat, but there are limits to the [x^r- 
centage of soybean meal that can be included in bread acceptable to consumers 
or that can be used to “adulterate" meat. The existence of any such limits 
under emergency conditions is perhaps debatable, but the nuxlel provides for 
such limits well above what is accejked now. 

* The correct w.iy In principle to handle land convertibility is to cLinsify land bv 
productivity in alternative u.sc and to have a .si-paratc .'»IU rnativc way of producing each 
crop for each cla.s8 of land that may b<* use<l. This may he attempted in a later ver.^ion 
of the model. 
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The way the constraint works is as follows. Soybean production has three 
kinds of food columns: one in which the soybean meal byproduct of oil produc¬ 
tion is fed to livestock; one in which the meal is used for human food, primarily 
as a substitute for breadgrains; and one in which the meal is used as a meat 
extender. The second and third types of soybean production have positive co¬ 
efficients in the special-constraint row. These positive coefficients are eo 'al 
to the quantities of meal yielded per billion pounds of soybean production. Each 
of the breadgrain columns has a negative coefficient equal to that yield multi¬ 
plied by the maximum ratio of soybean meal for flour to total flour. Each of 
the meat columns has a negative coefficient equal to the product of the soybean- 
meal yield of soybean production and the maximum ratio ol proportion of ex¬ 
tender in total meat. The constraining inequality states that the total amount 
of soybean meal produced minus the maximum used in bread liours and meat 
must not exceed zero.* 

The constraint with respect to level of government activity states how 
many units of the 1958 mix of direct and indirect requirements generated by 
government operations are stipulated for the problem. The a,, here is unity, 
and the stipulation is a percentage of the 1958 level multiplied by 0.001 to con¬ 
vert millions of dollars of the activity vector to billions of dollars for the 
activity variable. The scaling by 0.001 could also have been in the rather 
than in the stipulation constraint.^ 

Industrial Capacities, Livestock Capacities, and Labor 

Each industrial-capacity, livestock-capacity, or labor row states that 
total requirements by solution activities must not exceed the postattack capac¬ 
ity available. In each case the postattack capacity available is an output of a 
damage assessment. The industrial and livestock capacities are defined in 
units of the outputs they support. The labor capacity unit is millions of workers. 

Byproducts 

Each of the two byproduct rows (hides and skins; cotton fiber) states that 
total requirements by using activities minus total supply provided by producing 
activities must be no greater than zero. This is in effect a stipulation of no stock¬ 
pile depletion. For a situation in which there is considered to be a large stock¬ 
pile of a byproduct (e.g., survival of a large peacetime stock of cotton or salvage 
of large quantities ol hides and skins from livestock dying or slaughtered soon 
after the atuck), the constant term may be any maximum inventory-depletion 
rate that is considered proper. 


•This is a palaUbillty constraint for which the justification in emergericy is ques- 
tlooable. However. If the concessions to palaubillty are accepted, it (night to be vith a 
separate coastralntog inequality for each use mthc'r than with only a single aagrc'gate 
constraint. The procedure used so ar overstates capabilities slightly by permitting the 
computer to use the meat-exlender activity (which requires no ultimate baking Inputs) 
for production of soybean meal both as a meat extender and as a bread-flocr substitute. 

^ Use of an activity vector With requirements measured in millions Instead of bil¬ 
lions of 1958 dollars is a vestige iJ early-stage computations with direct rtMjulremenU 
in which use of btllloos of dollars would have required hx) many decimal places for the 
Computer program. 
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DERIVATION OF MODEL INPUTS 


Evaluation of a model may use one or both of two kinds of criteria: (a) the 
plausibility of answers yielded by the mode! and (b) the apparent soundness of 
the esti-.:ates of inputs to the model. The purpose of this section is to provide 
bases ior judgments on the second kind of criterion. 

Full achievement of this purpose here would involve providing worK sheets 
for complete derivation of every number in the model. However, that would 
make the paper inpractically long and would add liule to achieving the objec¬ 
tive beyond what may be yielded by more aggregated descriptions of the deriva¬ 
tions of most numbers. The latter level of detail of the derivation of estimates 
is used here. 

The discussion is in terms of the following major categories: (a) an over¬ 
view of data-requirements sources, (b) the food-product ion submodel, (c) the 
remaining industry submodel, (d) industrial capacities, (e) land capacities, 

(f) per capita consumption requirements, and (g) government-operacion require¬ 
ments. 

All the final estimates, except those for capacities, appear in App A. The 
land capacities are in a text uble, and the industrial capacities cannot be pre¬ 
sented because they vary with the problem. 


OVERVIEW OF D.ATA REQUIREMENTS 

The sectoral classification .system of the modtM and the selection of sources 
are tailored »a'gelv to the intended use of the model in analysis of the capabil¬ 
ity of the economy to provide minimum sub.sistence to surnvors of weapons 
effects. Since physiological standards for nutrition are much less conipressibl" 
than custonury standards of other kinds of houw'huld consumption, the main 
emphasis of the model is on resiiurces and ileci.sions m'cded lor nutrition, a 
key physiological requirenn-nt. (Survi-.-al standards are discussi d in more de¬ 
tail in the subsection ‘Nutrient Requirements.") TIh' emphasis on nutrition 
takes two forms. One is the use of considerably more detail for the agricul¬ 
tural sectors than appears in any {xiblished model of the U.' economy The 
other is the use of alternative input-output combinatums fur each agricultural 
crop and infinitely many alternative human diets, with the mathematical proce¬ 
dure selecting the combinations that nuke the most effecliv*- use of available 
resources. Outside the food-production area the mt.>de' ;s rather highly aggre¬ 
gated. and there are no process allernatiws. The model could probably be 
improved by disaggregation and provision fur alternative prin iesses outsick* the 






food area, but it is felt that there is a reasonable balance at the margin behveen 
efforts at accuracy in food and nonfood areas. 


FOOD-PRODUCTION SUBMODEL 

The food-production submodel consi.-ts of the columns for food-production 
activities and rows for nutrients, land and industrial inputs to agriculture, the i 

soybean-grain-mix constraint, and part of each labor input to food production. < 

The food-production activities cover production and subsequent processing 
of the following crops and livestock products: wheat, corn, oats, rice, rye, 
peanuts, cottonseed, soybeans, edible dry beans, fruits, potatoes, sweet potatoes, 
beet sugar, cane sugar, other vegetables, gram sorghum, barley, hay, pasture, 
beef, pork and lard, lamb, poultry, eggs, and milk. Omitted are a number of 
minor food and feed crops, fish, and exotic foods. The fish are omitted because 
of difficulty of measurement of a postattack fishing and fish-preservation capac¬ 
ity that would probably be too small to affect the diet significantly.* 

Each of the crops has at least four different activity columns. The four 
columns correspond to production with normal fertilizer and pesticide inputs, 
without fertilizer, v. thout pesticides, and with neither fertilizer nor pesticides. 

In addition there are further columns in some cases for alternative ways of 
processing crops. For example, corn may provide nutrients exclu.sively for 
livestock or mainly for humans with byproducts for livestock. When corn is 
intended for Itsestock, a distinction is made between the activities of pcaiucing 
for poultry and for other livestock bt>causc the digestible-nutrient contents are 
not the same for the two classes. App(.'ndix A has a complete list of activities. 

Human Nut rien^s 

The hun’ m-nutrient rows deal with minim.i for calories, proteins, fats, 
iron, and calcium, and they deal with maxima for calories, fats, and weight of 
ration. The rationale (or this list is discussed tx'low in the discussion of pc'r 
capita requirements. 

.All the food-processing activities are measured in billions of pounds of 
crop or livestcx'k products. Th<’ human-nutrient yield is estimated through two 
factors, the weight of edible food jncr unit of the activity and the amount of each 
nutrient per unit of IikkI {with calories considered as a nutrient). Factor.-; for 
converting crop weights to food weights are readily available from an intro¬ 
ductory table of Agricultural Statistics' aixl from soch (ikxI engineering texts 
as Parker. Harvey, and Statler. Thi- nutrient contents of foi.ids are from Watt 
and Merrill.* .A thinl factor that might be considered is live (XTcentage of 
nutritive value' of each crop tir livestwk prixtuct that is lost tiefore reaching a 
human stomach. In the absence of data with respi-ct to individual crops, thi' 
mixtel, as noted elsewhere, applies a uniform 15 p«'reent margin on fier capita 
nutrient requirements. 


*If. 1fish aeeounlot! for onh T |»'icrr.l uf the :i>t.ii IS ,oti sunns lor. lus relA.l 
woifihti o: moat. [«>ult!i .i: il ‘ish.” .vml -lo.»lri;i lion of mu'ts and fi.'^hi-'.t; \cs,vl.s ."thouid 
rodsifo the i aj acitv . 
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It may be noted that the nutrient value of wheat is based on conversion to 
whole-grain flour. There is now a substantial use of wheat m this way to make 
whole wheat bread; but by far the bulk of wheat is now used to produce a more 
highly refined bread flour and a rather high-protein byproduct for animal feed. 
On the assumption that protein for human food would ^ scarcer than protein 
for livestock feeds in the postattack situation, only the processing to whole 
wheat flour was provided for in the model despite Jhe general consumer prefer¬ 
ence for bread made with more highly refined flours. It is not clear, however, 
that the assumption of greater shortage of human-food protein is correct for 
all damage patterns: it may therefore be worthwhile to add an activity for the 
peacetime flour-extraction rate as an alternatix'e to manufacture of whole-grain 
flour. 

The model similarly increases the nutritive value of rice for humans at 
the expense of animal-feed byproducts by omitting processing stages that nor¬ 
mally convert parts of the grain with high-protein values to animal feeds. 

Livestock Nutrients 

The livestock nutrient rows are classified by type of livestock and by type 
of nutrient. The classification by type of livestock serves to assist in distin¬ 
guishing among the nutritive values of identical feeds for different livestock 
classes. The classification by nutrient helps constrain the livestock. 

For any one of the two kinds of livestock nutrients, there are four rows 
in which entries for nutrient outputs of a crop may appear: total, excluding 
poultry: cattle and sheep; hogs: and poultry. A crop intended to be fed to live¬ 
stock other than poultry has an entry for one or both of cattle and sheep and/or 
hogs. There is an identical entry for both if the feed is suitable for both classes 
of livestock (e.g., corn is suitable for both, but hay is suitable only for cattle 
and sheep). Having a unit of activity recorded as supplying a unit of output to 
each of two classes of animals leaves open the possibility, even though only one 
unit of nutrient is produced, of a total animal feeding that exceeds production. 
However, the first row, for total excluding poultry, balances the total nutrient 
input requirements of all livestock products other than poultry against the once- 
counted production by all crop activities. This adds an upper bound on total 
nutrient availability to the overlapping (and therefore double-counted) avail¬ 
abilities for individual classes of livestock. Outputs of a poultry nutrient have 
not only a separate row (the fourth), but also separate crop-production activi¬ 
ties. In the case of a type of feed that can actually be fed either to poultry or 
to other livestock (e.g., corn), the model defines two distinct producing activi¬ 
ties even though the products are identical in appearance and input requirements. 
The reason for the separate treatment of poultry-feed-producing activities is 
that the amount of digestible nutrient per unit of some feeds when fed to poultry 
is too different from the amount of digestible nutrient of the same feeds when 
fed to other livestock. It would not be possible to have an unambiguous nutritive 
value of a feed without specification as to whether the feed would be fed to poul¬ 
try or to other livestock. 

The model has two classes of li'.'estock nutrient. The first class is a US 
Department of Agriculture measure of nutrient quantity called “feed units.” A 
feed unit is the weight of feed that is equivalent in nutritive value to a s' j.ndard 
quantity of corn grain when fed to a particular class of livestock for ma ginal 
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changes in a balanced ration. The unit is not based on any chemical analysis 
of the content of the feed but rather on experimental substitutions: hence nothing 
rigorous can be said about the content of a feed unit in proteins, fats, etc. The 
definition in terms of marginal changes in a balanced diet, however, suggests 
that the feed-unit value of a pound of feed is primarily a matter of the energy 
value of the digestible nutrients, which may be measured gross or, sometimes, 
net of energy consumed in eating and digesting the feed. 

Since the model is concerned with formulation of complete rations for 
livestock, not just with marginal changes in a balanced ration, it is necessary 
to consider requirements other than for food units. The model assumes, how¬ 
ever , that accounting for only the single most important of such other require¬ 
ments, proteins, is necessary for reasonable assurance of approximate balance 
when common types of feed are used. Of course, to the extent that the assump¬ 
tion is wrong, the model tends to overstate the amount of flexibility in the ration. 

The feed-unit and protein values per unit of feed weight for the model 
come generally from a Department of Agriculture publication by Hodges.® In a 
few cases, the ratios are weighted (by production) averages of more detailed 
data in the source (e.g., the model average for hay instead of the source’s data 
on individual types of hay). There was also some supplementing of the Hodges 
data with data from appendix tables and text of Morrison.*’ 

The weights of byproduct feeds produced in processing of human-food 
crops come from the same types of food engineering texts used to estimate the 
food portion. 

Minimum requirements of feed units per unit of livestock produced are 
average ratios for 1960-1965 in which the numerators are feed units consumed 
as reported by the Department of Agriculture in “Statistical Bulletin 337,”^ and 
denominators are livestock products produced as reported in Agricultural Sta¬ 
tistics .^ 

Minimum requirements of protein are based on feed input and product 
output experience for 1959 only. The denominator of livestock product output 
is from the same source as the denominator for feed-unit requirements; but 
the numerator is calculated from the Hodges® dcta cited in connection with di¬ 
gestible-protein values of feed classes and from data of the same source on 
the quantities of each kind of feed estimated to have been consumed by each 
class of livestock in 1959. The cumulative product of percentage of protein 
and amount of each kind of feed represented an aggregate protein consumption. 

Inadequate data on green pasture presented special difficulties both for 
estimating nutritive value per unit of weight consumed and for calculating the 
pasture ,x)rtions of the estimates of nutrient inputs per unit of livestock product. 
The Hodges data do not include feed-unit values or protein values per unit of 
pasture, but they do include a table (Table 22) that compares the total digestible- 
nutrient percentages of individual grasses and hays. The model uses un average 
of these ratios (0.30) to convert feed-unit and protein values of hay to corre¬ 
sponding values for grass. The weight of grass consumed in 1959 by each class 
of livestock is derived from the estimate of feed-unit value per weight unit of 
paiBture grass and estimates in the previously cited “Statistical Bulletin 337” 
of the number of feed units each class of livestock must have obtained from 
pasture in addition to the directly measured feeds to produce the livestock 
products listed. The fe<“d units from pasture were estimated by the Department 
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of Agriculture as a residual because there is no direct way of measuring what 
an animal consumes in grazing. The tmal estimates of the model are subject 
to errors in the Department of Agriculture procedure for estimating pasture 
feed units as a difference between two roughly estimated quantities and to sam¬ 
pling errors in arriving at the ratio between nutritive values of hay and pasture. 
Actual pastures may include grasses and weeds that are inferior to the grasses 
used in the sample. 

Land Inputs to Agriculture 

Land requirements per unit of output in the real world vary continuously 
as a fu.nction of quantities of fertilizers and pesticides of various kinds, the 
quality of seed, thje quality of land, the quality of management, and the amount 
of effort expended in preparation of the land and rare of the crop. The model’s 
approximation to reality uses average quantities and qualities of all these inputs 
for one possibility with respect to each crop, and then adds three other discrete 
possibilities: normal inputs of all kinds except for complete absence of fertil¬ 
izers, normal inputs of all kinds except for complete absence of pesticides, 
and normal inputs of all kinds except for complete absence of both fertilizers 
and pesticides. Absence of one or both of fertilizers and pesticides implies 
an increased requirement of land per unit of output. 

Although the activities of the model are restricted to those with full or 
zero availability of one or both of fertilizers and pesticides, the solution to any 
problem using the model can approximate the effects of partial availability by 
having an appropriate mix of activities with both zero and full availability of 
fertilizer and pesticides. For example, availability of sufficient fertilizer for 
a 20-percent-of-normal application to the land for a crop is treated as full avail¬ 
ability on an activity using 20 percent of the land and zero availability on the 
activity using the other 80 percent of the land devoted to a crop. This approxi¬ 
mation to reality is wrong to the extent that the true relation between land pro¬ 
ductivity and inputs of fertilizers and pesticides departs from linearity. There 
are also errors in the assumption that there is no need to distinguish among 
different kinds of fertilizers and different kinds of pesticides. 

The land requirements per unit of average current application of fertilizer 
and pesticide come from 1963 experience as reported in appropriate tables 
of Agricultural Statistics . The requirements in the absence of fertilizer come 
almost entirely from a Department of Agriculture publication by Ibach and 
Linberg.® They studied differences in yield per acre for farms using and not 
using fertilizers. Their data on the farms not using fertilizers in 1954 are 
assumed for the present model to be applicable to current farming where there 
are normal inputs of all other kinds. 

This undoubtedly overestimates the effectiveness of fertilizers in increas¬ 
ing yields per acre. It is quite likely that the 1954 farmers who used no fertil¬ 
izer w'ere also less-than-average users of pesticides and in general less pro¬ 
gressive in their farming techniques. In addition, some of the increase in 
yields between 1954 and 1963 is attributable to factors other than increased 
application of fertilizers. Furthermore, it would take more than 1 year of 
absence of normal fertilizer use to gel the full loss of productivity; although, 
in the other direction, it would take more than 1 year of normal fert'H/er use 
to restore any productivity lost in a prolonged period of absence of normal 
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applications of fertilizer. There are other, more random errors in addition to 
these biases in favor ol overebiiin«.LMft ii>e importance of fertilizer, and further 
research on tlie influence of fertilizers would be worthwhile in any further work 
on the model. 

The data on effects of dispensing with pesticides are even more sketchy. 

A Stanford Research Institute study by Moll, Cline, and Marr‘’ has some lightly 
documented estimates of effects of pesticide absence in the first year after an 
attack for wheat, potatoes, sugar beets, corn, and alfalfa. Presumably the ef¬ 
fects could grow after the first year. For the present model, therefore, the 
Stanford Research Institute estimates of crop yields without pesticides are re¬ 
duced slightly. The wheat and corn estimates are also applied to other grains, 
and a yield of 85 percent is used. Sweet-potato yields are made the same as 
yields of potatoes, with an estimate of 70 percent, and sugarca is combined 
with sugar beets for a yield of 85 percent. On the basis of scattered qualitative 
information, it was judged that fruits and vegetables depend on pesticides much 
more than the foregoing crops, and a yield of 60 percent was arbitrarily as¬ 
signed. In the absence of any information about peanuts, cottonseed, and soy¬ 
beans, they were assigned intermediate yields at 75 percent of normal. 

Following the precedent of the Stanford Research Institute study, the case 
of absence of both fertilizers and pesticide® as«ignp" a perccr.tage-of-nr'’‘m?.l 
yield that i> the product of tne tiercentages fo» ferali4,ci a.io pesticide ah nces 
separately. This is based on the plausible but unproved assumption that insects, 
rodents, and weeds take the same percentage of a crop regardless of the amount 
of fertilizer used. Another plausible assumption might be that they take the 
same absolute amount, in which case the aggregate loss from absence of both 
fertilizers and pe. 'cides would be greater than indicated by the product of the 
two separate absence packages. 

Yields per acre for any given crop depend net only on how much fertilizer 
and pesticides are applied but also on which land is used. The model classifies 
agricultural acreage of the US by the types of crops for which the acreages are 
well suited, and all requirements of land per unit of crop output are require¬ 
ments of well-suited land. 

Some lands are well suited for more than one crop or class of crops, so 
that the total amount of land of all types is less than the sum of potential well- 
suited lands for each crop. The model makes sure that total computed use of 
land in any class or aggregate of classes does not exceed the amount of land 
available by requiring balance of requirements and supply at every level of 
aggregation. For example, a given wheat production places an equal require¬ 
ment on each of Wheatland, grainland, cropland, and agricultural land. This 
prevents land with alternative uses from being calculated as being used more 
than once. 

The classification system for land and the estimates of amounts of land 
in each class are taken almost unchanged from informal estimates of the Depart¬ 
ment of Agriculture 1*’ Of two alternative estimates from the Department, one 
with relatively large and the other with relatively small flexibility of land use, 
the one with lesser flexibility was taken, and additional restrictions were in¬ 
serted on the amounts of land normally used for wheat, fruits, and vegetables 
that could be diverted to other uses. 
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liidu sti ia l Inputs to Agriculture 

The model accounts for three kinds of industrial inputs to agriculture: 
the fertilizers and pesticides just referred to in the discussion of land require¬ 
ments and petroleum products. The units oi measurement used by the model 
are as follows: for fertilizers the unit is aggregate weight of nitrogen, phos¬ 
phoric acid, and potash; for pesticides and petroleum products the units are 
values, respectively, for Industries 29 and 31 of “The 1958 Interindustry Rela¬ 
tions Studyof the Office of Business Economics (OBE) of the US Department 
of Commerce. (The study is discussed later.) 

The fertilizer inputs are 1963 totals distributed among 1963 crop acreages 
in proportion to 1959 use per acre as reported hi a Department of Agriculture 
publication by Ibach, Adams, and Fox.'" The pesticides and petroleum inputs 
per acre are those of 1958. based on distributions according to a slightly more 
aggregated classification of crops in an unpublished Department of Agriculture 
study** in support of the 1958 interindustry model of the OBK ot the Department 
ci Commerce. That study dictributed 1958 use of the inputs among crops. Data 
from Agricultural Statistics ' permitted substitution of quantities of land for 
crop values; then inputs of pesticides and petroleum products per unit of land 
were multiplied by 1963-experience land requirements per unit of agricultural 
product to yield inputs of pesticides and petroleum product per unit of agri¬ 
cultural product. It was not practical to blow' up the 1958 inputs to exhaust a 
1963 total consumption; hence, unlike tlie case for fertilizers, the coefficients 
here have a probable downward bias for reflection of 1963 technology. 

For activities in which either fertilizers or pesticides or both are absent, 
the model has the other industrial requirements per unit of output rise in pro¬ 
portion to the i equirement for land. This probably overstates input require¬ 
ments a little. For example, the complete loss of a harve.. in one area because 
of an insect invasion made possible by absence of pesticides should eliminate 
the petroleum-product requirements associated with harvesting. 

The cumulative product of each row of negative input coefficients and crop- 
production-activity levels provides total requirements for the industrial input 
concerned. A negative coefficient in the column for the industrial activity that 
produces the product generates a balancing output of the product in the model. 
The industrial activities are all OBE industry levels measured in dollar value. 

In the cases of pesticides and petroleum products, the units of measurement 
for row and columri are identical; hence the coefficient is unity. In the case of 
fertilizers, the row is weight of nutrient and the column is value; hence the 
coefficient is a factor for converting column units to row units. 

Capacity-constraint rows for production of fertilizer and pesticides, re¬ 
spectively, have coefficients of unity in corresponding industrial-activity 
columns. In the final solution the product of unity and the activity level (i.e., 
the activity level) must not exceed the stipulated capacity. Petroleum-product 
capacity, which has uses other than for agriculture, is dealt with in a row to 
be discus.sed later. 

It may be noted that the OBE industry for pesticides also includes fertil¬ 
izers. The model here, however, has separato ro- •• columns to permit 
use of data on separate capacities.* 

’Aggregation errors of the OBE clas.sification are pre.served despite the provision 
for separate output capacities in that there is no provision for differences between fertil¬ 
izer and pesticides in the mixes of flow inputs and indirect capacity' requirements. 
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Livestock Capacities 

Levels of livestock-product production need to be constrained by the 
amount of livestock available. The livestock-production activities are mea¬ 
sured in terms of weight of output per year, and for convenience the livestock- 
capacity constraints are measured in the same units. Using the same units 
makes it possible to make the coefficients all equal to 1, With row units of 
numbers of animals or their liveweight, the coefficients would have been the 
conversion factors that are now used to convert livestock numbers to product 
capacity. The cumulative product of a row of coefficients and solution levels 
of livestock produci is the aggregate amount of the row capacity needed for the 
solution activity levels. 


INDUSTRIAL-TECHNOLOGY SUBMODEL 

All rows other than those already considered and the special constraint 
rows belong to the industrial-technology submodel. Each coefficient describes 
an amount of a row industrial capacity needed directly or indirectly to support 
a unit of a column activity. 

Industrial-Capacity R e quirements 

The industrial capacities considered by the model are capacities for each 
of fertilizers and pesticides and capacities for certain OBE industries and an 
aggregation of OBE industries. The fertilizer and pesticide rows have entries 
of 1 in the corresponding fertilizer and pesticide activity columns. The co¬ 
efficients for other rows are scaled elements of data from the OBE interindustry 
model. 

The basic OBE model has the economy divided into 83 producing sectors 
and has a table of direct and indirect requirements for each of 82 sectors (the 
scrap sector being excluded) per unit of final demand (delivery for purposes 
other than as input to current production). In addition, data are available for 
producing such a table with more detailed breakdowns of the interindustry 
sectors. OBE has described its project in a number of published articles of 
the Survey of Current Business and in mimeographed material that it will 
supply on request,''’’® 

The ^ \C model uses as inputs a direct- and indirect-requirements table 
computed with data published by OBE” for disaggregating three of the sectors: 
Industry 14 (food and kindred products), Industry 38 (nonferrous metals), and 
Industry 65 (electricity, gas, and water and sanitary services). 

The general procedure for calculating a table of direct and indirect re¬ 
quirements from a table of interindustry flows in a base year is as follows. 

Ijet X,| be the base-year flow from Industry i to Industry ); and let .\, be the 
total output of Industry i (including both interindustry flows and deliveries to 
final demand). The first step is to calculate the matrix A, consisting of ele¬ 
ments flij, each of which is calculated as 
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The table of direct c id ir.direct rcquiremcats is (I A) where / is an identity 
matrix of proper dimensions. 

Both OBE and the RAC model use this general procedure; but there is a 
difference in definition of an industry output. The OBE procedure defines an 
industry output as including the value of scrap and byproducts. The RAC pro¬ 
cedure treats these as negative inputs instead of output. 

This difference in definition leads to a more fundamental difference than 
merely a lower nominal value of \, and a higher value of each 0 ,^ in the RAC 
approach. In c.der to prevent a requirement for output of the jth industry from 
generating a requirement for a normal mix of outputs of the ith industry by way 
of the formula 


when the base year X,, has a flow largely of byproducts of the principal produc¬ 
tion of the ith industry, OBE transfers any part of X., that represents byproducts 
from X|j to X,, before it uses X,) in calculation of a,.. OBE considers it im¬ 
proper, for example, for a model to generate a dollar’s worth of meat-industry 
output of standard mix in an attempt to supply the leather-tanning industry with 
a dollar’s worth of hide and skin byproduct. They prefer to have meat-in^'nstry 
output of standard mix determined entirely by the requirements for food, with 
a side calculation determining whether this implies sufficient hides and skins 
output to supply needs of the leather-tanning and -finishing industry. 

The RAC procedure has byproduct requirements calculated as part of the 
main model rather than as a side calculation but takes care of the mix problem 
by having different rows for the principal products and the byproducts of an in¬ 
dustry. If a byproduct is a principal product of some other industry of the OBE 
model, the RAC procedure estimates all requirements on the row for the in¬ 
dustry producing it as a principal product. If there is no industry producing 
the item as a principal product, as in the case of hides and skins, the distribu¬ 
tion row is a brand new one for a new industry defined as inventory depletion 
of the item. All industries that use the item have positive coefficients for that 
row, and any industry or industries producing it as a byproduct have negative 
coefficients. A solution level of the inventory-depletion activity is the excess 
of requirements for the byproduct over supply. For a problem in which the in¬ 
ventory-depletion rate is to be constrained (perhaps even to zero), there may 
be no feasible solution unless the model permits production in excess of re¬ 
quirements for the principal product of an industry producing the byproduct. 

The RAC model has this kind of flexibility. The activity level for any industry 
producing products in fixed proportions is generated by requirements for the 
product that needs the highest level, and surplu.ses of the other products are 
produced. In the R/ model it is immateria' which of joint products unique to 
an industry is designated as the principal product. 

The RAC version of the OBE A matrix has seven byproduct rows (identi¬ 
fications of byfiroduct element of X,, supplied by OBE on magnetic tape) with 
no industries producing them as (defined) principal products. Two of these 
appear in the final RAC model as byproducts, the supply of which must be ac¬ 
counted for and shown sufficient in any feasible solution. The two byproducts 
are hides and skins and cotton fiber. Hides and .skins output is a byproduct of 
the activity that produces beef. Cotton fiber is a byproduct of the activity that 






produces cottonseed. It may be noted that in peacetime the demand for cotton 
fiber has much more effect on production of cotton and cottonseed than the de¬ 
mand for cottonseed. As has been noted, however, the choice of which of two 
joint products should be defined the byproduct in the RAC model does not affect 
the results. 

In addition to defining industry outputs in the special way just described, 
the preparation of the OBE data for use in the RAC model also involved a num¬ 
ber of changes in the base year X, j before calculation of the a, j. All rows for 
distribution of products of OBE’s two agricultural industries were reduced to 
zero since the RAC food submodel was replacing them. Those elements that 
referred to textile-fiber requirements, however, were transferred to the row 
for cotton byproduct of cottonseed production. The OBE food-processing in¬ 
dustries were assigned both additions to and subtractions from their inputs. 

The additions were values of transportation and warehousing plus wholesale 
and retail margins needed to move outputs of the food-processing industries to 
consumers. The data for this came from OBE work-sheet records of margins 
between producer prices and purchaser prices of foods. The subtractions were 
flows of food among food-processing industries and some of the packaging and 
printing inputs. The reductions of packaging and printing were as emergency 
austerity measures. The elimination of the interindustry flows of foods was 
consistent with the treatment of food-processing activities as minimum amounts 
of activity outside agriculture needed to release the nutrients in agricultural 
production. For example, release of the nutrients in oilseeds requires plants 
that extract the oil from the seeds and make shortenings; release of nutrients 
in grain requires milling and baking. However, the use of shortening in baking 
is not required to release the nutrients in either oilseeds or grain, therefore 
the RAC model suppresses the OBE requirement of oilseed-mill output per unit 
of bakery output. 

Once all X,j had been adjusted as needed according to the above rules, 
the a,I and (I A) ' were calculated in the standard way. This provided a table 
of direct and indirect requirements for each row industry per unit of final de¬ 
mand for the principal product (as defined) of the column industry. The amount 
of each kind of food processing required per unit of each of the RAC model's 
food-production activities per unit of agricultural food product may then be 
considered a scaling factor to apply against the corresponding food-processing 
industry's direct and indirect requirements per unit of its final deliveries. 
■‘Final” here refers to requirements generated from outside the sectors defined 
in the (I A) ' table, not to the more commonly denoted demand categories of 
household consumption, exports, investment, and government purchases of 
goods and services. 

The RAC model preparation used such a scaling to obtain the direct and 
indirect Inputs to food processing and disti'ibution associated with each agri¬ 
cultural food product but first eliminated sonw rows of (I A) ' and aggregated 
some others. The eliminations were of rows for service and other industries 
having very flexible capacities or which were considered to be too unimportant 
under emergency conditions to be permitted to affect estimates of viability of 
the economy. For an example of the latter it was felt that any shortage of 
household-furniture capacity could be made good either by doing without the 
normal output of that capacity or by production of the needed items outside the 
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household-furniture industry. The row aggregations covered all the metalwork¬ 
ing industries. All metalworking industries were combined into a single indus¬ 
try providing parts for repair and maintenance of production machinery and 
transportation and communication equipment. Of course the aggregation would 
be improper for production of major pieces of equipment. A locomotive cannot 
be built in a textile-machinery plant, but it is quite likely that a textile-machinery 
plant could use some of its tools to make certain locomotive parts. The elimi¬ 
nations and aggregations left only 13 capacities of modified OBE industries (in¬ 
cluding inventory-depletion industries) that are accounted for in the RAC model. 

The 13 industries with their OBE and RAC codes are listed in the accom¬ 
panying tabulation. 


OBE code R.yC code Industry 


If) 

BE 10 

Broad and narrow fabrics; yarn and thread mills 

24 

BE24 

Pa|)er and allied produc's except containers 

27 

BE27 

Chemicals and selected chemical products 

29 

BE 2 9 

Drugs; cleaning and toilet preparations 

31 

BE31 

Petroleum refining and related industries 

37 

BE37 

Primary iron and steel manufacturing 

39 

BE 3 9 

Metal containers 

4 0-(>3 

BE MET 

.Metalworking industries 

()■> 

BE 05 

Transportation and warehousing 

3S,1 

BE 93 

Copper manufacturing 

38.2 

BE 94 

•Aluminum manufacturing 

08.1 

BE 90 

Electric utilit ics 

14.3 

BE SO 

Canning and preserving of fruits, vegetables and seafoods 


It may be noted that no separate railroad-transportation industry, either 
total or by any geographic classification, appears specifically in the model. 

The flow inputs to all transfwrtation are accounted for in use of the matrix 
(I A) ' in full detail for calculating direct and indirect requirements for the 
listed class of capacities, but there is no provision for a possible shortage of 
any particular class of transportation cajjacity. 

This is a major weakness ot the model should it ever be applied to a 
problem requiring heavy-traffic movements. It us considered of no great im¬ 
portance, though, for a minimum-survival model. It is not easy to destroy a 
large enough percentage of rolling stock and miles of route to make the aggre¬ 
gate capacity for train or U ut k movements insufficient to tiandle a bare-survival 
volume of traffic. Nuclear bombing can create bottlenecks by destroying classi¬ 
fication yards and traffic centers such as Chicago and St. l.ouis, but it should 
1 h piossible to break the resulting bottlenecks sufficiently for light traffic to 
movt' through or around them. Military-ty|H' bridges, transshiinnenl oi cargos, 
and laying of new track for short distanct's are the kinds of exix'dients that are 
adequate for light traffic. Our exjx'rience in inU rdiction of North Vietiumese 
supply routes us an ..mic.ilior. of how quickly emergency rejxnrs can be made. 

E.tch row of the subiiKidi 1 for the.se industrial-eaiiaeitv requirements 
gives an .imourd of the eorrosponding industrial eomiiKulity that is required 
directly and indirectly jx'r unit of each activity ,if the model, including the ac- 
tivitie.s for nonfoixi supjxirt of |H)|nilation and governments and the provision of 
industrial in,nits to agneulture as ’.veil as the activities that are defined as food 
producing. The cumulative product of the coefficients along a row and the 


23 




associated activity levels of a solution is a total (net of any negative terms for 
byproduct output) requirement for capacity to produce the product (or supply it 
from inventories in the case of a byproduct). 

Labor Requirements 

The model has a single row of labor requirements that has one or two or 
three components for each column activity. One component consists of 
agricultural labor in food and feed production. The second consists of labor 
employed in the i-^dustrial sectors of the economy. It is the only component for 
the persons-supported activity and for the three activities supplying direct in¬ 
dustrial inputs to agriculture, and it is added to agricultural labor for agricul¬ 
tural outputs that require industrial processing. The third component consists 
of labor employed directly by the government sector. The government-opera¬ 
tions activity has this component plus an industrial-sector component for 
government purchases from industry. The first two components are discussed 
in the following paragraphs. The third is dealt with in the section. “Government 
Requirements.” 

The agricultural-labor component with normal inputs of fertilizer and 
pesticides consists of 1965 ratios between inputs of labor and outputs of agri¬ 
cultural products. The labor inputs are based on man-hours statistics as re¬ 
ported by the Department of Agriculture for individual crops and livestock 
products.'^ Man-hours are converted to employment on the rather arbitrary 
assumption of 2000 man-hours/year for an agricultural worker. The seasonal 
nature of agricultural-labor requirements implies probably a lower number of 
man-hours per year for workers employed entirely in agriculture, but it is 
assumed that, under conditions of labor shortage, useful nonfarm work could 
be found for some agricultural workers. Outputs of agricultural products for 
the denominator of each ratio of labor inputs to product output come from Agri¬ 
cultural Stat is tics .' 

The industrial component is calculated as 


"here I is a row vector of direct and indirect requirements for labor per unit 
of final demand for output of each industry. \ is a corresponding vector of 
direct requirements, and I and A have the meanings previously assigned. In 
effect, this procedure estimates the direct and indirect labor requirement per 
unit of a particular industry s final demand as a cumulatin' product of the direct 
and indirect requirement for each industry’s output p»>r unit of this final demand 
and the amount of labor required directly per unit of each industry output. The 
ratios N would be 1965 experience for OBE industries as estimated by Faucett^ 
if the labor row were needed for a current problem m which a labor shortage 
was possible. Since the only problem worked on with a [xitential labor shortage 
is a problem for 1975, the ratios N haw been pro)ecled to 1975 before the pro¬ 
cessing described here. The source of productivity changes is a study by the 
Engineer Strategic Studies Group'* of prixfuctivity changes in industry. The 
model has no provision for increases of labor production in agriculture. 

The labor row before the projection of productivity changes to 1975 nas a 
number of biases. A general downward bias is associated with loss of labor 
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productivity to be expected when botii farmers and industrial entrepreneurs 
undertake unfamiliar kinds of production with facilities and equipment that are 
optimized for other kinds of production. On the other hand, hours of work 
could be increased over peacetime levels. Sociological and psychological fac¬ 
tors in labor-productivity changes liave potential importance and direction of 
effect that have not been investigated. 


PER C.VPITA REQWREMENTS 
liasic Concepts 

Any estimate of [ler capita require me it.'- 'or survival is likely to suffer 
from two classes of ambiguities. The first is the representativeness of the 
calculated average. The second is the standard of austerity used. 

The representativeness problem arises from the fact that people differ in 
their survival requirements. For example, a person with dialietes may need a 
steady supply of insulin to survive. But estimating a per capita requirement 
for insulin as total insulin requirements divided by total population, both dia¬ 
betic and nondiabetic, implies in a mathematical model that the percentage of 
the population that can survive is no greater than the insulin capacity as a per¬ 
centage of total require-ments. 

The correct way in principle for dealing with differences among people 
in their survival needs is to classify the jwpulation into groups that are homo¬ 
geneous with resfiect to their requirements. This was n >t practical tor the 
RAC model. To avoid major errors of assigning to the entire population survival 
requirements that are significant only to small segments of the population, the 
R.AC model attempts to deal only with the type's of things that are widely needed. 
The.se are food, clothing.and shelter ior protection against the environment, 
and ttk’ medical and sanitary supplies and services that may be needed to pre¬ 
vent the spread of epidemic disease. 

TIh' austerity problem is more complicated than the represenlativenes.s 
problem. Factors that affect the desired degree of average austerity include 
(a) the length of time the austerity is to last, (b) factors other than living stan¬ 
dards affecting the psychological state of the population during the iK riod of 
austerity, (c) the consequences for (H'alth and productivity of marginal changes 
in any tentatively pro;' '.sod average level of living, and Id* the value sv.stem 
for trading off increments in these consequonco-s against increment.'^ in any 
costs of changuig the living standard... In general, authors do nut try to explain 
their .survival Iisi.s in such lerms. ami no one who tried would ever tie able to 
communicate with complete success all four clas.ses of fartur.s m his decision. 

NevcrtlH'loss a brief attempt will bc' made along these lira'.s for the sur- 
vival-requiromi'nts vector of the pre.senl nuHlel. The length of lime involved 
IS 1 to 2 years. The model is organized as a steady-state model, but there 
could b< some slight imfirovemer.t m «.tandard,s during the (leriod. It is assumed 
that the population is psychologically prepared to assume heavy bunVus for 
years in the hop«' of building toward « tx'fter life. Morale and pr.iriiietivuy of 
labor are as luned to enquire no higher levels of living than are needed to main¬ 
tain physical health for both prixfnct’ve ,>nd nonproductive members of the jxipu- 
lation. Peacetime poverty standards are <.'f no use as a guide hare liecau.se the 






aspirations of the poor in peacetime i. e assumed to be c' •iditioned in large 
part by living levels achieved by the more successful elements of the popula¬ 
tion. With uniform levels of living for the entire population, the standard need 
not be much more than physical health. The value system of the present author 
is not communicable fuilv, but it is of a type that would permit virtually no in¬ 
crement in living levels for survivors that would significantly reduce the num¬ 
ber who could survive. If the trade-off in survivor living standards should be 
against postattack foreign aid. against peacetime costs of providing for higher 
levels of postattack living, or against other conceivable costs, somewhat higher 
levels of living might well appear *o be more proper standards. 

The model distinguishes between food and all other survival requirements. 
Comparatively little compression of food standards is compatible with health 
over a period exceeding a year when the standards are measured in terms of 
requirements for specific nutritive elements of food. One may eliminate steak 
from a diet but not the requirements for proteins, iron, and other nutrients that 
are supplied by steak. On the other hand, use ol many items of clothing and 
toilet articles can be reduced or eliminated without sigr.ificant loss of health. 
The food-nutrient requirements of the model are therefore approximately equal 
to peacetime standards, but other requirements are slashed heavily. 


Nutrient Requirements 


The model has minimum per capita requirements for calories, proteins, 
fats. iron, and calcium. There are of course many other nutrients and vitamins 
that are necessary for health. It was judged in preparation of the model, how¬ 
ever, that a diet of natural foods that was clearly adequate with respect to the 
items listed was unlikely to be seriously inadequate with respect to others. 

For example, it would bt' practically impossible to meet requirements for the 
listed items without heavy use of gram, potatoes, and sugar that would provide 
all the carbohydrates required. Meeting calcium requirements, together with 
a model restriction on use of fruit lands for purposes other than fruit production, 
probably takes care of any vitamin C requirements. The rather generous al¬ 
lowance of proteins, plus the impossibility of optimizing without use of hvestock- 
prixluct capacity, virtually eliminates any pros|X'ct that the luotein supply 
would not be projx'rly balanced with resjx'ct to particular essential .iniinu acids. 
Nevertheless, some shortages of particular nutrients ov vitamins are conceiv¬ 
able. and the nieKlol could easily be modified to add a row (or any new nutrient 
that may t>e consick'red worthy. 

The minimum per capita nutrient requirements (or (o'x! aciu.illv eaten 
are mustlv recommendations (with an unknown safety m.ii gin for items otht'i 
than calorus' of the National Res<>arch ('■ uncil for age and sox classes 
weighted by Bureau of the ( eii.sus i><>pulation statistics."’ Th»‘rt> are two ex- 
cepltons. .\Hhougfi the National He,s*‘.trch Counc.i has no standard for fat. it 
recogmzes that some unknown amount i.s imi>ortant. A HAND t'ortHiration docu¬ 
ment by Rugrund"' remmmends that fat provide at least 40 jx'rrenl of all (aio- 
rics, and this requiremer' was built into earlv verstons of t!vo m«1ei. The 
present version uses 30 fX'rcent of minimum caoirien. which us closi'r to an 
official Army recjmmend.vtion that 25 to 30 {x rcent of actual calories is 
clearly sufficient. Th«’ .ithe>r change is a reiiuction of the National He.searrh 
Council recomn>endatn>n of 049 mg day of calcium to 744 mg. 

The reason (or the reductionus asfollow.s. Thr* .•\rmy source )u.st cited c n- 
curs in the National R< -earch Coun' 11 V lew that 300 mg dav us desirable for an 





adult male but states that 700 mg is sufficientand cites an Army regulation that 
requires only 700 mgfor a soldier even though diets actually served at Army 
messes apjjear to include about 900 mg. The same Army source suggests that 
400 mg, day is sufficient for an indefinite period under emergency conditions. The 
decision to reduce the model's initial requirement by one-eighth came after trial 
runs in which the caicium requirement was of major importance in determining 
the size of population that could be .supjxjrted. It was thendecided that the average 
requirement would be reduced in proportion to the difference between National 
ResearchCouncil recommendations and Army regulations for an adult male. 

The maximum intakes per capita presented greater problems. The model 
has three kinds of upper limits on calories, fats, and total weight of food that 
can be eaten 

The third upper limit is not a limitation that can be u.sed very accurately, 
because there are no experimental data and fjecause the weight depends on the 
composition of the food. The consumption is ordinarily about 3.9 lb of retail 
weight per capita. The mcxiel temporarily has an arbitrarily high limit designed 
to provide no effective constraint in any run. 

With resjxH't to calories, informal advice from the Department of Agriculture 
suggested that the maximum should not I.>e more than 13 jiercent above the mini¬ 
mum. The model, however. has a maximum about 10 jx'rcent above what now 
appears to be eaten, which is itself well above 15 pt'rcent in excess of the mini¬ 
mum. It was felt that in an emergency people could overeat at least as much as 
they do now. In addition, the present national average represents many who eat 
considerably less than the average' as well as many who eat c<'nsiderably more. 

The Army source cited earlier for minimum requirements recommends 
that not more thannO percent of calories be .supplied by fat and reports that Army 
Field Ration A has 40 to 45 jX'rcent fat calories. Th«' average civilian diet for 
1965 as reported by the Department of Agriculture has a numU'r of grams of 
retail weight of fat that may U' calculaied as equal to about 41 jx'rcenf of the 
total calories in retail purchases:* many jieople probably consume consider.ibiy 
larger riercentage,*. than the average. The model has a maximum amount <>f fat 
that would bt' HO jx'rcent of minimum calones and 47 jX'rcent of nniximum calo¬ 
ries. For cases where maximum fat mav lx* associated wit*- minimum calories, 
the upjx'r limit on fat is probably t.io high. Comjiuter meputs should always tx- 
insjx’cted tor desiralnlitv of reconijiutation with a icuAt r ;imit. 

The average dail> requirements us*'d in tlx* nuxiel .ice summarized in the 
accomjiu.iymg tabulation. 
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The n xiel .scales these amounts upward to an annual basis and for an 
average wastage of 15 percent of the nutrient content of all foods. Wastage in 
peacetime can occur in distribution to consumers, in kitchens, and in failure 
to eat all that is prepared. The 15 percent for the model assumes negligible 
wastage at the table, a kitchen loss at the low end of a normal 4 to 21 percent 
rarige found in experiment in Army kitchens “ and the remainder lost to rodent 
damage and other food spoilage in the distribution process. No data were found 
on peacetime average losses ui distribution before purchase at retail of about 
3150 cal per capita. Some of these losses would undoubtedly result from short¬ 
ages of proper transportation and warehousing capacity, but otners could proba¬ 
bly be reduced by application of more than customary care. 

Nonfood R equirements 

The direct nonfood requirements are bared on personal judgment of what 
might be dispensed with in recorded 1958 personal-consumption expenditures. 
The judgmen<s were applied to details of those expenditures as published by 
the Department of Commerce in the October 1965 issue of the Survey of Cur rent 
Business .*’ The classification there is not only by producing industry of the 
1958 interindustry stud", which is not very informative for some iiighly aggre¬ 
gated industries, but also by type of household purpose. For example. Industry 
72 is “hotels and lodging places and personal and repair ser%’ices except auto." 
But a further classification of one expenditure states that it is for “shoe clean¬ 
ing and repair." The Judgment then is on how much of Industry 72 output is 
needed for shoe repair.* 

After judgments were made on each combination of consumer purpose and 
industry number. the expenditures for each industry number were aggregated 
to yield a total consumption exoenditure for each industry. Division of these 
totals by 1958 population yielded a per capita estimate. 

Table 2 has the published Department of Commerce estimates for 1958 
with major classification by consumption purpose and minor classification bv 
industry. The table is shortened as compared with the published one in that 
the indu.stry detail is omitted for functional categories tha* were judged not to 
be worthy of inclusion on the final list. The judgments added to the table appear 
in a column of percentages for the expenditure item.*^ ’hat were judged worthy 
of retention in whole or in part. 

There is no point in trying to prove here any necessity for the particular 
percentages noted in the last column. A few notes on the assumptions may, 
however, add to the plausibility of the stated percentages.. 

Ail food items are omitted because, as has been noted, food requirements 
are considered on the basis of nutrients rather than dollars. 

Nearly all clothing is omitted on the assumption that, although displaced 
persons may provide a one-time burden on the economy, the absence of style 
changes, the possibility of great reductions in most wardrobes without damage 
to health, and the sharing of wardrobes would permit the economy to go for 
several years without much need for nc’" clothing. 

*(^ 111 ' another problem, of course, is the suitability of the Department of Com¬ 
merce input pattern for Industry 72 as an indicator of what it takes to repair shoes. 
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TABLE 2 

1958 Expenditure Items ond Foctors for Cortversioit to Postotlack Conditrons 


Expe.iditur* closs^ 1 

__i 

I I95S 

j rrillions 

amount, 
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1 
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emergency 

1 Pr'yiucer 

1 
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1 1 
1 Purchoser j 
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>8.106 

b 
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_b 
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10 
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i,'.:i 
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u 
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n 
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Jiy 
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y*6 

80 
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JR 

■28 
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ifi, bro,.d and nuno^ fabrics, varn and thread mills 

:$0f) 

6y'' 

0 
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14 

Ml 

0 
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:.040 

1 1,496 

JO 
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41 

:h 

0 
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32 

:o 

0 
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9 

i: 

0 
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0 
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66 
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0 
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1 JO 
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0 
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0 
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Table 2 (ccntmued) 
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Expenditure clcss^ 

1958 amount, 
millions of doHors 

Percent of 
emergency 

1 

Producer 

prices 

Purchaser 

prices 

expenditures 

ollowed 

.2, hotels and lodging place*, persona) and repair services, 
**xcept aulo 

! 1? 

!« 

40 

* medical and educaloinal service and nonprofit 
esialdishmenls 

Hd 

82 

40 

Rental value of farmhouses, total 

1.861 

1.8t)l 


71, real t:state and rental 

! .861 

1.861 

40 

hurnilure, including mattresses and h 'dsp*-iiigs 

d.U! 

4,1 46 

u 

Kitchen and other household a*)pHances 

d.nd 

2.712 

0 

China, glassv.are, tablevare, and utensils 

91 1 

1.697 

0 

Other durable house furrlishing^ 

1.9r,H 

3.728 

0 

^emidurable house furnishings 

l.UI 

2.321 

0 

(.leaning and polishing preparations and miscellaneous house¬ 
hold supplies and paper products, total 

d.08.'. 

3.<>>8 


9, stone and clav miruag and quarrving 

12 

21 

0 

2 \, paper and allied products, excluding containers and 
boxes 

870 
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60 

2o. paperboard containers and boxes 

38 

44 

0 

26, printing and publishing 

-7 

3 

0 

27, chemicals and selected chepocal products 

lO-l 

14.3 

60 

29, drugs, cleaning and toilet preparations 

1,076 

1..37( 

60 

^0, paints and allied products 

18 

36 

40 

d6, stone and clav products 

O'* 

50 

40 

42, other fabricated mei-.l products 

18 

84 

40 

53 . clcrtrical industrial equipment and apparatus 

5 

* 

40 

55. electric lighting and wiring equipment 

m 
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40 

?'fl, miscellaneous electrical equipment, machinery, and 
supplies 

29 

39 

40 

6*1, miscellaneous manufacturing 

44 

74 

40 

80, imports 

1 

1 

40 
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0 
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(,.381 
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%. electricity 
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30 

Gas, total 
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2.68.3 
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2.68.S 
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50 

l^uier and other saiiiiarv services, total 
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98, water 

9B0 
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79, stale and local government enterprises 

68 

68 
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Other fuel and ice, total 

2,3.31 

4,13.3 


7, coal mining 

261 

4.133 

40 

20, lumber and wood produc ts, excluding containers 

48 

,376 

40 

27, chemicals and selected chemical products 

10 

76 

40 

31, petroleum refining and related products 

2,008 

3.462 

(0 

37, primary iron and steel manufacturing 

10 

11 

0 

68, electricity, gas. water, and other sanilarv services 

14 

14 

0 

telephone and telegraph 

3,892 

3,892 

0 

nomestic service 

3.,303 

3,303 

0 

Other household operation, total 

l,7f>8 

1,768 


65, transportation and warehousing 
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70, finance and insurance 

117 

11 ' 
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Table 2 (continued) 
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8,210 

0 

HiH 

1 .egal serv i( <*s 


1.881 

0 


Kuneral and burial expense'* total 

1.808 

1.828 


^BB 

9. stone and c lav mining and (juarrving 

-> 

12 

0 


db, Slone and c iav produets 

Jo 

60 

0 


71, real est<tte and rental 

212 

212 

80 

^BK 

72, hotels and lodging plac es, personal and repair serviees. 





except auto 

1.018 

1.018 

20 

HH 

Other personal business, tol<tl 

081 

981 



66, ( omi iunic at ions, excluding radio and teb" ision 




IHH 

bfoadc ast ing 

i: 

17 

20 

B^w 

7d, business services 

1 17 

117 

0 


76, amusements 

6 

6 

0 


77. medic <tl and educ ational service and nonprofit 





establishments 

720 

729 

80 

I^^B 

"*8. hedera! government enterprises 

62 

62 

0 


\evv cars and purchase of used t ars 


18.288 

0 


•\utoniotive (ti'^es. tubes, a< cessories. parts, repair, gr«*asing. 





washing, parking, storage, and rental), tola! 


6,807 


^^Bs 

19, miscellaneous fabricated tex.ile products 

18 

7o 

a 

^BH 

27, chemicals and selc’c led chemical produc ts 

.".2 

76 

a 


2^), drugs, cle.ining and toilet (>rc*para|ions 

•>o 

88 

8 

^HB 

d2, rubbcT and mi >cellaneous plastic pr sIuc*r 

801 

1.872 



f2, other fabricated metal produc ts 

12 

20 

T) 

BHB 

o2. st’i vice indusirv mac liines 

16 

88 

a 

^HB 

">o, eleclru lighting .ind wiring equipment 

1.8 

80 

a 


o6, radio, television, and communicalion e.juipment 

12 

.v> 

5 


.iH, mi si c'l laneous electrical nuichinerv, equipment, and 





Hupjd ies 

168 

218 

f) 

^HB 

r>9, imitor vehic les and eq«iipnient 

HI 

118 

6 

^BB 

7o, aiitomoliile repair oid service 

t,8H7 

1,887 

8 

^BB 

88, scrap, iisevi and scm ondhand goods 

tl 

26 


HH 

31 

i 

1 

1 











TABLE 2 (continued) 


Expenditure c1qss° 

1 

1958 amount, 
millions of dollars 

Percent of 
emergency 

Producer 

prices 

Purchoser 

prices 

expenditures 

allowed 

Gasoline and oil, total 

5,251 

5,251 


3i, petroleum refining and related products 

5,251 

5,‘251 

5 

Bridge, tunnel, ferrv, and road tolls 

250 

250 

0 

Automobile insurance premiums less claims paid 

1,606 

1.606 

0 

Street and electric railway and local bus, total 

1,219 

1,219 


65, transportation and warehousing 

1,219 

1,219 

100 

Taxicabs 

574 

574 

0 

Railway (commutation) 

124 

124 

0 

Railway (excluding commutation) and sleeping and parlor car 

:):)8 

338 

0 

intercity bus 

2 % 

296 

0 

Airline 

479 

479 

0 

Olhei intercity transportation 

52 

32 

0 

Books and maps 

632 

1.022 

0 

Magazines, newspapers, and sheet music, total 

1.439 

2,061 


26, printing and publishing 

1,468 

2.090 

5 

83, scrap, used and secondhand goods 

~29 

- JO 

5 

Nondurable toys and sport supplies 

^heel goods, durable toys, sport equipment, boats, and 

1,188 

2.115 

0 

pleasure aircraft 

Radio and television receivers, records, and musical 

1,080 

1,845 

0 

instruments 

1,644 

2,836 

0 

Radio and television repair, total 

72, hotels and lodging places, personal and repair 

f)81 

681 


services, except auto 

681 

681 

5 

Howers, seeds, and potted plants 

338 

544 

0 

Admissions to moiion*piclure theaters 

■Admissions to legitimate theaters, opera, and entertainments 

992 

992 

0 

of nonprofit institutions (except athletics) 

297 

297 

0 

Admissions to spectator sports 

249 

249 

0 

Clubs and fraternal organizations except insurance 

692 

692 

0 

Commercial participant amusements 

848 

848 

0 

Fari-mutuel net receipts 

454 

454 

0 

Other recreation 

1,174 

1,181 

0 

lA'ivaie higher educati(»n 

1.282 

1,282 

0 

FA-ivate elementary and secondary schools 

1,006 

1,006 

0 

Other private education and research 

852 

a52 

0 

Religious and welfare activities, total 

77, medical and educational service and nonprofit 

4,178 

4.178 


establishments 

4,178 

4,178 

100 

Foreign travel by I S residents 

Fxpenditur»*s abroad by I S government personnel (military 

1,900 

1,900 

0 

and civilian) 

892 

1,077 

0 

Fxpendilures in the I S by foreigners 

- 1.046 

- 1,046 

0 

FVrsonal remittances in kind to foreigners 

- 107 

- 107 

0 

Total personal consumption expenditures 

•224.032 

'290,0()9 


Durable commodities 

■23,262 

37.881 


Nondurable commodities 

88,765 

140,152 


Services 

112,005 

112,036 



major claaaea arc standard personal consumption expenditure classes of the N ilional Income 
Division of the Office of Business ticonomics. I’he classes nith numerical codes are sectors of the 
1958 input-output table of the National Kconomic Division, Office of Ifusiness Kc inomics. 
^(-onsidered elsewhere under another classification system. 


32 






Some production of footwear is permitted to replace that which can no 
longer be repaired and may be needed for essential travel to and from work. 

It is assumed that the number of workers who walk to work instead of riding 
will greatly increase. With the sharp reduction in new-shoe purchases, a 
doubling of shoe repairs is allowed. 

For most inputs to household operation that are accepted at all, the factor 
i.s about 40 percent per capita. This reflects both an exfjected increase in 
housing density and such austerity as reduction in the use of electricity for 
appliances and lighting. 

The automotive-expenditure judgments are based on the assumption that 
nobody will drive a personal car. A small allowance for automotive expendi¬ 
tures is intended to represent some incremental input to public automotive 
transportation, where the requirements for gasoline, tires, batteries, etc,per 
capita are lower than for personal autos. Those who do not use public trans¬ 
portation will be expected to walk or stay at home in the hypothesized circum¬ 
stances of a large labor supply in relation to capital resources. Dormitory 
accommodations near places of work are conceivable for workers who would 
otherwise have to commute by auto. 

Such an approach yields levels of living that are probably well above levels 
ordinarily achieved in large areas of the world right now but well below what 
is considered extreme poverty in the US. However, as noted earlier, poverty 
is a relative matter. What is p»'operly considered an intolerable level of living 
for a person in the present environment may be quite bearable under conditions 
of austerity for all after a nuclear attack. 

Table 3 has the results of applying the factors and aggregating to the levels 
of “1958 Interindustry Study” industries.* 

The direct and indirect requirements for nonfood items that appear in the 
PERCA column of the model are calculated starting with the matrix-vector 
multiplication 


(I - \v'( 

for the nonlabor elements and LC for the labor elements, where t is the vector 
of direct requirements from Table 3 and A and L have the meanings previously 
assigned. After these matrix-vector multiplications, there are deletions and 
metalworking industry aggregations to conform to the industry classification 
of the industrial submodel. 


GOVERNMENT REQUIREMENTS 

The nature of governmental activity at Federal, state, and local levels is 
bound to change drastically after a heavy nuclear attack. How it may change 
depends on such things as whether military action continues, whether tiiere are 
resources in excess of what is needed for survival, and what those faced with 
operation after a nuclear attack consider important. Some kinds of governmental 

*An example of a particularly regrettable aggregation i.s the inclusion of shoe-re¬ 
pair expenditures by household.s in Industry 72 (hotels and lodging places, personal and 
repair services, excf’pt auto). 
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activity can also depend on the size of the surviving population. A large popula¬ 
tion needs more of many kinds of government services than a small population.* 
In general, however, except for construction and military activities of 
governments, it is probably accurate enough to consider that all governmental 

TABLE 3 

Nonfood Consumption Expenditures by Industry 


( 1958 populotton and producer pric«s) 


Code 

Industry 

Exper^ditures 

Total, 
millions 
of dollars 

Per capito, 
dol lars 

: 

(\>al mining 

104.10 

0..397 

18 

Apparel 

2,226.80 

12.733 

20 

Lumber and wood products, except containers 

10.20 

0.110 

21 

Paper and allied products, except containers and boxes 

168.30 

2.679 

26 

Printing and publishing 

73.40 

0.420 

27 

Chemicals and selected chemical pri'ducls 

69.00 

0.393 

2^ 

Drugs, cleaning and toilet preparations 

933.10 

3.3 17 

31 

Peiroleuni refining 

764..33 

4.3 72 

32 

Rubber and miscellaneous plastic products 

62.73 

0..3,39 

34 

Lootwear and other leather products 

413.'20 

2.363 

12 

Other fabricated metal products 

17.40 

0.099 

32 

Service industrv machines 

0.80 

0.003 

■>3 

Klectricul industrial equipment and apparatus 

2.00 

0 ,01! 

nil 

Llectrlc lighting and wiring equipment 

12.33 

0.071 

.36 

Radio, television, and communication equipment 

3.60 

0.021 

38 

Miscellaneous electrical equipment and supplies 

19.75 

0.111 

.'■I'l 

Motor vehicles and equipment 

4.U) 

. - 

64 

Miscellaneous manufacturing 

23.60 

0.116 

tv*) 

Transportation and warehousing 

1.219.00 

6.970 

:i 

Heal estate and rental 

7,360.80 

12.WO 

->) 

Hotels and lodging (daces, personal and repair services. 




except auto 

1,784.'2.3 

10.202 

73 

Musil'ess services 

37.20 

0.213 

73 

Automobile repair and services 

219.33 

1.2.34 

77 

NWdical and educational service and nonprofit establish* 




men’s 

13.134.30 

73.10.3 

78 

hede.al government enterprises 

3 12. (VI 

1.936 

7‘) 

Sla*e and local government enterprises 

68.1X) 

0.18" 

83 

Scrap 

0.4.3 

0 .W2 

U(. 

Klrctric itv 

1.31 1.30 

7,313 

^7 

(ias 

1,312.30 

7.f>7:’ 

U8 

dialer and sanitarv services 

980. IH) 

3,6111 


activities have labor as their principal direct inputs, with other direct inputs 
consisting primarily of supplies and maintenance of office buildings. New 
construction has no place in a steady-state survival model, and the model makes 
no provision for military requirements. It is therefore assumed for the current 
model that the 1958 mix of direct and indirect requirements, excluding require¬ 
ments generated by new construction and military expenditures, is satisfactory. 
The level can be tailored to the size of the surviving population. 

*The FARM project of die National Planning .Aseociatlon, under Office of Emer¬ 
gency Planning (OEP) contract, has developed a model that generates requirements for 
various classes of governmental services as functions of population. 
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The mix of direct requirements consists of state and local expenditures 
other than for construction in 1958 plus an estimate of the nonmilitary expendi¬ 
tures other than for construction by Federal government. The state and local 
data are as published by OBE in the S urvey of Current Business .'^ The nonmili¬ 
tary expenditures of the Federal government are from unpublished work sheets 
made available by OBE.* 

The model can, of course, use other levels and mixes of government re¬ 
quirements. However, if mixes are used that r* jaire substantial amounts of 
output from the ordnance industry or other particular metalworking industries, 
it will become necessary to disaggregate the present aggregation of all metal¬ 
working industries. 


CONSTANT TERMS 

The column of constant terms changes with each problem to which the 
problem is applied. Depending on whether it is preceded by - , - . or =, each 
element of the column is an upper bound, a lower bound, or both on the cumu¬ 
lative product of a row of coefficients and corresponding solution magnitudes. 

In the cases of the nutrient rows, the constant terms are necessarily zero for 
all problems since neither humans nor livestock can live for very long on nu¬ 
trients stored in their bodies. The other zeros of the constant-terms column 
of Table 1 could be rates of desired inventory depletion for any problem in 
which that should appear to be a useful concept. A zero implies that require¬ 
ments may not exceed supply from current production. The remaining constant 
terms preceded by inequality signs are fixed capacities of kinds that are not 
used up in current production. In the case of land, the postattack capacity is 
the same as preattack. For industrial capacities and labor supply the percent¬ 
age of preattack capacity is an output of assessment of physical damage from 
the attack. The stipulated level of government activity tells how much is de¬ 
sired of ♦he government-operations activity when measured in the units fixed 
for level of government. 

'*'he most difficult data problems are associated with the determination of 
preattack capacities. A practical definition of capacity is an amount of output 
that would not be exceeded under any reasonably possible circumstances of in¬ 
put that did not include more fixed plant and equipment. If it is further assumed 
that industry capacities never declined in peacetime, the highest output actually 
achieved in recent years is a lower bound on existing capacity. The amount of 
understatement depends on the percentage of capacity that was idle at the time 
of this historical peak, on the possibility of increasing output by use of extra 
shifts or more workers per shift, and on any new investment or technological 
change that might increase production potential. 

Despite the foregoing elements of understatement, lack of research time 
and a desire to err if at all on the side of understatement of economic capacity 
of the country has led to use of historical production peaks for most kinds of 
capacity. Faucett'" is the source of data on OBE industry outputs in 1958 prices, 
the prices of the OBE model. The only adjustment of Faucett data needed for 
the present model was a technical one of adding what OBE calls secondary 

*Thc work-sheet data have not been released by OBE for general use; hence it is 
not possible to give the table here. The RAC model proces.ses the data In a way that 
prevents its accurate reconstruction from information appi-aring in this paper. 
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transfers to the output of each industry.* For some more detailed capacities 
to process agricultural crops, the historical experience came from Agricultural 
Statistics ^ data on the amounts of crops so processed in recent years. 

An exception for industrial capacities is the use of current data"*' on per¬ 
centage of capacity of wheat grain mills being used. Together with Agricultural 
Statistics data on amount of wheat being processed this yields a capacity mea¬ 
sured in amount of wheat processed. The Bureau of the Census data are based 
on operation of a maximum number of shifts 5 days/week. Informal advice 
from the industry is that operation 7 days/week would be practical for extended 
periods of time. Negligible amounts of downtime are needed for maintenance. 
Accordingly the calculated capacities for operation 5 days, week are increased 
by 40 percent before being used in the model. 

Data on live stock-product production peaks are from Agricultu r al Statis¬ 
tics ^ and on the labor force from current issues of the Survey of Current Busi- 


The livestock capacities involve a certain amount of ambiguity for a steady- 
state model that purports to describe rates that may last for more than a year. 
Capacities of some livestock can be increased at little investment cost and in 
a relatively short time compared with the length of the period studied. This is 
particularly true of poultry flocks in the production of poultry meat and eggs. 

A hen reaches peak egg production in about 7 months and will lay hund. t Is of 
eggs within a year. A minor diversion of eggs from breakfast tables to hatcher¬ 
ies, plus a diversion of female chicks from butcher shops to egg laying a few 
months later, has a biological potential of greatly increasing poultry-flock 
capacities in a short time. There are technological problems of differences in 
plant and equipment of poultry pro'^’-f’'"-' p- - 'g /js. meat, and breeding 
flocks, but it is reasonable to assume that a great deal of these kinds of plant 
and equipment could be improvised. The potential for increasing poultry flocks 
during the period under consideration is enormous. The model now contains no 
provision for the reduction in li\<?stock output per umt of input that would in¬ 
evitably be associated with use of improvised facilities and hence overstates 
the capability of the economy. However, the model uses what is considered a 
very conservative steady-state equivalent of 1.33 and 3.00 times the flock 
capacity for meat and eggs respectively that exist immediately after the losses 
from nuclear-weapon effects.* There are no such adjustments for other classes 
of livestock, although an argument might well be made for a small adjustment 
to be applied to swine herds, which also have rap.d reproduction cycles. 

Projections of preatta"k capacity are based on the previously cited Engi¬ 
neer Strategic Study Group report,"' which, in turn, is based on a National 
Planning Association study.'"’ Minor adjustments using other data were needed 
to convert the source’s estimates of percentage change between 1960 and 1975 
to a percentage change between 1965 and 1975. 

*Each Industry produces the products that define the scopt* of the indu.stry plus 
some produetB of kinds that define the ncopes of other Industries. These sre called pri¬ 
mary and secondary products, respectively. Phe OBE definition of an Industry's output, 
whicn is also the RAC definition, includes all the primary and secondary protlucllor. of 
that industry plus the pnxluction in all other Industries of products that are primary to 
that one. The Faucett data did not include this addlUunal pnxluclion, and the RAC adjust¬ 
ment of Faucett data addixi such production In the proporti n added by OBE for 

*The8e nearly arbitrary numbers can be of great Importance In some problems 
because of the low Input requirements and the excellent balance of human nutrients in 
eggs. When dairy products are scarce, eggs can be s principal source of calcium. 
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USES OF THE MODEL 


The model is designed primarily to indicate whether a postattacl; economy 
is physically viable without substantial investment in reconstruction. It does 
this by estimating a ma.ximum number of weapons-effects survivors that can 
be supported for 1 to 2 years without depletion of inventories that would lead 
to subsequent collapse. A large margin between the number that could be sup¬ 
ported and the number that needs to be supported suggests a requirement of no 
more than a relatively low standard of management efficiency and a likelihood 
of potentially rapid economic recovery as resources not needed for surviv’al 
are diverted to reconstruction. 

A narrow margin or a deficit of economic capability suggests a need for 
efficient management, of course, to use surviving resources as effectively as 
possible. The model also suggests some of the kinds of things management, 
both preattack and postattack, might consider to increase the number of people 
supportable. Standard output of the model includes not only the number of people 
who can be supported under the conditions postulated but also shadow prices 
of the constant terms of the model. A “shadow price" is an amount of increase 
in the objective (millions of persons supported) jX'r unit of change in the con¬ 
stant term (capacity, allowable depletion rate, or stipulated level of government 
operations). Additional options in most linear-programming routines (including 
the one used by RAC) allow testing of the sensitivity of various aspi'cts of the 
answers to stipulations and parameters of the model. It can be used to measure 
the worth of preattack prejxirations such as provisions of stockpiles and oi ,K)St- 
attack measures for conservation of resources and for highest priority recon¬ 
struction after an aiuick. In the case of reconstruction measures, the model 
tells where marginal changes in capacity are most needed, but it does not say 
anything about what it takes in time and sacrifices of otiw r uses of the inputs 
to achieve any given change in capacity. This w*ould n quire a more dynamic 
model. 
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POTENTIAL IMPROVEMENTS IN THE MODEL 


Potential improvements in the model may be classified as (a) increased 
accuracy in the estimate of particular matrix coefficients and preattack capaci¬ 
ties, (b) provision of greater detail for greater realism of the model structure 
in applications to the steady-state problems for which the model is designed, 
and (c) introauction of capability to handle problems with dynamic elements 
(circumstances that change during the time horizon of tne model). 

Potential improvements of the first kind have in many cases been indicated 
and are in other cases inferable from earlier discussion. Earlier discussion 
has ■»lso suggested directly or indirectly points at which the model structure 
might be made more suitable for practical problems. Included among the pos¬ 
sibilities are (a) additional rows for human and livestock nutrients, (b) additional 
activities for producing human and livestock nutrients, and ic) more detail in 
the industrial sectors of the economy that support food processing and inputs 
to agriculture (primarily chemical industries). Potential modification to include 
dynamic elements is discussed in the following paragraphs. 

A fully dynamic model, such as PARM'" or IRAM,"' has each input to a 
production activity identified with respect to lead time before output as well as 
with respect to type of input, and it has investment activities with similarly 
time-phased input requirements. Such a model has vastly expanded data and 
computation requirements and would be impractical fu. a linear-programming 
model with the optional food-prtxiuction and supporting-industry activity detail 
considered necessary here. 

A possible compromise would t<e to consider the model as covering two 
.steady-state periods. The second periiid would tx' a submodel similar to the 
present model, having no investnwnt activities. The first pc*riod would tx' long 
enough to satisfy the following condiitons as well as (xissible (a) reconstruction 
activities can bc^ completed or nearly ivinpleled during iht' peruxi. but the re¬ 
sulting capacity incrrases are not available to any significant extent until the 
next period and (b) the depletion of goixls in jirocess and working inventories 
(as distinguished from dolilx’ralely prepared stiwkpiles) caniu'i tx' a major 
source of inputs to prixluction. Ttie struc’uie of the submidel lor the first 
period would differ from that of the second period in that the oplion il activities 
would include investment activities of kinds that previous exercise of tfx' statu 
model might show to tx* potentially usetul. The kind of problem to be run ixi 
the model would be a ma.ximi7.ation of the numlwr of survivors in both iX'ruxls. 
taking account of the jxissibilities of depleting certain stockpiles in the first 
peruxi provided that investment.s in new ra{iacitv make furthc.* depletions in the 
second period unnecessary. 


38 








Appendix A 

TECHNOLOGY MATRIX FOR LINEAR 
PROGRAMN NG COMPUTATIONS 


Tables 


Al. 

Dci'initio' s 

to' ('onstt ;in\iiit; Rows of ifu 

Technoloi^x Matri.x 

40 

A:;. 

IH'fmi, -HIS 

lot' Column Ai liv itios of tht- 

Technolof^x Matrix 

4 2 

A:i. 

Technolojjv 

Matrix 


4fi 
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Tables A1 and A2 present definitions of the constraints and activities of 
the linear-programming model with the constraints and activities classified as 
rows and columns, lespectivelv. Table A3 contains a tabulation of the techiiol- 
ogy matrix. 

TAB' E A1 


Definitions for Constraining Rows of the Technoiog/ Matrix 


Rew name® 

Typ« of constraint 


Un.t 

^ v'iAl.MI 

f* oo«J calorieji (minimum) 

Billions 

* HPRO 

Fofxi protein 

Millions kg 

. K \T 

Food fat (minim jm) 

Millions of kg 

♦ IRON 

Food iron 

Millions o' hft 

*CNl,r. 

F 'od calcium 

Millions of kg 

. MTX 

1 fiuaed 


— 

* Nl'TY 

I nused 


— 

- HWT 

F ood wfi^ht 

Billions of lb 

-FATMA 

Food fat (maxifx’urn) 

Millions of jg 

-CALMA 

F ood calc iiaximum) 

Millions 

* FITOT 

Feed unit all livestock 

Billions of lb 

rFim M 

Feed units for cattle and sheep 

■ 


. FFHOC; 

Feed units for hogs 



f FFi’O 

f erd units for poultry 



* PHOTO 

Feed protein for all livestock 



.PROHI 

Ffed protein for tattle and sheep 



» PROHO 

Feed protein for hogs 



^ PROPO 

Feed protein for poultry 



-err 

Feed weight 

Billions of lb 

* 1,A»HK 

Land for wheat (maximum) 

Millions of avres 

-WLMIN 

l^and for wheal (minimum) 



• I, ACOR 

ludnd for ctirn 



. LAOAl 

l^nd f<K oats 



. FAR if 

1 ^nd for rice 



.LAHYK 

l,and for rve 



, l.APFA 

1 ,and for peanuts 



. LACOT 

1 .and for i fptlon 



. l.ASOY 

1 .and for stivbeans 



. l.AHFA 

I.and for edible beans 


! 

Ol.AEHt 

1 .and for fruits 


i 

.lAPOr 

1 .and f<'r potatoes 



. 1.ASWF 

l,and (or sweet potatoes 



. l .AHFF 

1 eand fi»r sugar beets 



- I.ACAN 

1 .and for sugan ane 



. 1 A\F,(, 

1 and ff)r vegetables 



1 .ASOH 

I.and for s>>rghuni grain 



. i.AHAH 

1 4ind for barlev 

Miliums of acres 
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TABLE Al (continued) 


Row narne^ 

Type of constfomt 


Uni? 

. i.AiOV 

I *''d for has 

Millions • 

•f acres 

- I.AI'AS 

1 .and for pasture 



I A(.HA 

1 otai Krainland 



■ I.AICH 

1 1 ;al ■. jopland 

1 


■ l.ATI A 

lota) atfrti ulturai land 

M.ilions of acres 

- 1 KRI 

I ertili^er ‘nutrients, ovide basis) 

Uiilions of lb 

- I'KM 

fVst K ide 

Billions , 

if 1958 dollars 

■ i’fTHO 

fVtr.iieum prodatts 

Hliilons < 

if 19.58 dollars 

-CAKKH 

('apacitN for ferliii'e* 

fL] 1 ions of lb 

- CAi'KS 

( apacjlv fur pestitjdes 

IL’Iions < 

*f 195H dollars 

-M>(,RA 

f.apaiiiN for grain mill: „ jr-pul measure) 

HilIo>ns . 

,f ib 

.sk:kr 

(-apacitv foi' : ereal preparations 

I 



‘^npijt meaHuieJ 



■ sr-Ric: 

v.apa; ii\ bv nc*- miMine 'input measure* 



-spoil 

(.apai ii\ for •>;!seed pfAuessinjt ^input measure' 



- >i'in 

f.dpac i(\ for sug.iT'beet nolLn^ 'input measure? 



- •'ITS 

(.apaiilN for sugartane milling :inpui mea.siire'i 



■ 'I’SOA 

b o*)d so\ bean mea! 

HiHions of ib 

- HK!6 

r.apacitx for fabrn xarn ar.d thread 

fiiliions of 1958 dollars 

• 

( and: ilv for paper and allied produets except 




t onirtiners 



• HKr 

( apacitv fr>r chemicals and selected chemical 
p* oduAts 



• !U.:9 

C.dPrtcilN for drugs, cleaning and toilet 




preparat SAins 



■ HKil 

Capai Un for petroleum refining and related 




pfA'idut ts 



• mkj: 

(.apacitN for primarv iron and sieei 



• BK W 

( apacitv for metal lontaincrs 



•BfMKT 

(■ap«irily for nictalworKing 



- BKoS 

(.apacitv for transportation and wareh -using 



■ HKSCi 

Ciapucitv for canning and preserving fruits and 
vcgeiabics 



• HBai 

('apacitv for copper manufac turing 



• !u:ui 

(.apacitv for abiminum manufacturing 



- Hi-:9r, 

(•apiiclfv for other nonfurrous-melals 




manufacturing 



. Hf <)6 

(.apacitv foreieclru poner 



• BK9: 

(.upacitv for gfJS'Ulilitv service 



. hi: 98 

(’apacitv ftir oater and sanilarv service 



. HK10:l 

Hides and .sk.as 



. BKIO: 

(-olton 

ILl i i(‘r.s 

if 1 958 dollars 

.1\H0R 

1 .abor 

Mi j 1 ions 

.( .. ..rkers 

. evil K 

(.apacitv for rniik produt lion (livesitxk) 

[Millions 

if lb 

• MAI’OR 

(•apacMv for jiork produt tion (livi’stock) 


' 

.MAHKK 

( ajmcitv for beef priMiuction llivestock) 



• MAKC.G 

(.apacitv for egg production (livestock) 



. MAl’Oi: 

(ia[)acilv for pouilrv-meat produition (livestock) 



• MAI AM 

(.apH( itv for iamb production flivestia k) 



. KRV KO 

(■ resh vegetables (maxiimini) 


' 

. I RFHI 

ItcsH fruit (niaxinium) 

Millions ot lb 

0 {.O\T 

Level of governnien* activity (lO.SH pai kage) 

1()00 units 


^IVt’crding *1 ^()v^ numr, ♦, 0, or • tells v^hether the « iiniulat ive prodiirl of a tjan's eleaienlM and i of 
rpspondinf^ colutnn-arti\il\ levels is conslruini’d to be 1 , , or , respet tiveK, a l onsliint term. 
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Coiumn nam« 


TABLE A2 

Delinitions for Coiumn Activities of the Technology Matrix 


Unit 


pyM'.K 

HCOl 

Hr.02 

HOAl 

HRIl 

HRI2 

HRYl 


HRV2 

HI*K1 

HCSl 

MSYl 


HSY2 


HSY3 

HSY4 

HSY5 

HSU 

HBM 

HKRl 

HKR2 

MPI'l 

HSWl 

HRTl 

new 

H\K1 

H\K2 

l.COl 

l.COJ 

i,s(;2 

1.041 

LOA2 

LHAl 

i.BA2 

I.HAl 

LHAl 

iiroiK 


ll(:02h 

HOAIK 

MRIIK 


Type of actjwity® 

Populdlion survival Millions of people 

Ktxxi vthear Millions of lb 

Food corn vviih b\pr<vlU''{ feed for livestock 
other than poullrv 

Food corn with bvprr^uct feed for poultry 
Food ofttniea! 

Food rice with byproduct feed for livestock 
other than poullr\ 

Food rice with bvprmluct feed for poultry 
1 * ood fve with b\ product feed for livestock 
other than poultry 

hood rve with byproduct feed for poul»r\ 
hood peanuts 
Food cottonseed oil 

hood soybean oil ind food meal for use in 
bread 

Food so\bean oil and feed for livestock 
other than poultry 

Food soybean oil and feed meal for poultry 
Food soybean mecl for use in bread 
Food soybean oil and food meal for use as 
meat extender 

Food meal for use as meat extender 
Food edible beans 
F(n>d fresh fruit 
Food processed fruit 
hood potatoes 
Food sweet potatoes 
horfd sugar beets 
h ood sugarcane 
Feud fresh vegetables 
h ood processed vegetables 
h eed corn fed to livestock other than poultry 
Feed corn fed to poultry 
Sorghum grain fed to livestock other than 
poultry 

Sorghum grain fed to poullry 
h eed oats fed to livestock other than poidlrv 
h eed oats fed to poultry 
h eed harlev fed to livestock other than 
poultry 

Feed barley fed to poultry 
h eed hay 
h ced grass 
h ood wheat 

Food corn with byproduct feed for licestocf 
other than 'uultrv 

Food corn with byproduct “cd for poubn 
Food oatmeal 

Food rice witli b\pro(luct feei! ^or livestock 
other than poultry 

Food rice with byproduct feed for poultry 


HR12F 


Mil lions of lb 








Column nome 


lIR'i If- 

HR> Jl 
flHKll- 
tfCSlK 
ffS> If- 


li.SV2F 


flS> if 

tlSViK 

tfSVSf 


IISY6t- 

HHMK 

HIRiF 

flFH2F 

uniF 

HSWII 

HBTIK 

HCNiK 

hvf;ik 

f^VF.2F 

i.C.OlK 

LS(,]K 

LSG2K 

\.0\\V 

[,OA2r 

L.liAlK 

LHA2K 

I.HAiF 

nmin* 

HCOir 

\\i:o2V 

HOAIP 

HRMI* 

lfRI2P 

HHYif’ 


IIHY2P 

HPMP 

HCSII’ 

HSV!I’ 




HSYU' 
HSY \V 
!iSYr>P 


TABLE A2 (continued) 


Type ofoctiv«fy° Unit 

Food r\«* with i>\ prodtiv t ft-ed for livestock [fiDions of lb 

other than pouilrv ‘ 

Food r\e with byproduct fe«-d for pouUr\ 

f ood peanuts 

Food cottonseed oil 

Food so> bean tnl and fimd meal for use in 
bread 

F o«)d so%bean oil and feed for livestock 
other than pouhr\ 

Food so\bean oil and feed meal for |>o»jhr\ 

FnrKi soybean meal for use in bread^ 

'od soybean oil and food :n*‘al for use as 
meal ■ xtender 

Food meal for use as meat extender 
F Ood edible beans 
Food fresh fruit 
Food processed fruit 
Food potatoes 
Food sweet ptvlaloes 
F ood sugar beets 
F'ood sugiircane 
Food fresh yegetables 
F o<>d processed vegetables 
Feed corn fed to livestock other than p.iuilrv 
Feed corn fed to poultry 
Sorghum grain fed to livestock other than 
poultry 

Sorghum grain fed to p(,‘ultr\ 

Feed oats fed ‘o iivesti>ck other than poultry 
F eed <»ats fed to poultry 
F eed barley fed to livestock other than 
pc.ullf) 

F eed barlev fed to poult-' 

F eed ha\ 

F ood w heal 

Food corn with byproduct feed for livestock 
other than poultrv 

f ood corn with byproduct fce<i for p.>u!ir) 

Food oatmeal 

Fo<»d rice with byproduct feed for livestock 
other than pou!tr\ 

F (n>d rice with bvpriiduct feed for pouilr\ 

FDod rve with byproduct feed for livestiuk 
other than poultry 

F o(hI rve with byproduct feed for poultry 

Food peanuts 

Food CiUtonseed oil 

Food »t>vbean oil and fop»d meal for use 
ill bread 

F ood stiybean oil and feed for livestock 
other than poultrx 

Food soybean oil and feed meal for poultry 
F ood soybean meal for use in bread^* 

Food soybean oil and ft»od meal ftir use as 

meat extender Hiliioiis of lb 
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Table A2 (continued) 


Column name 

Type of activity® 


Unit 

[.SGIN 

Sorghum grain fed to livestock other than 

Billions of ib 


poultry 



[.S{'.2N 

Sorghum grain fed to poultry 


1 

LOAIN 

Feed oats fed to livestock other than 




poultry 



I.0A2N 

Feed oats fed to poultry 



LBAIN 

Feed bai'lev fed to livestock other than 




poultry 



1.BA2N 

Feed barlev fed to p-mlirv 



I.HAl.N 

F eed hav 



BKKF 

Food beef (dressed) 



k(;g.s 

F ofxl eggs 



I’OIL 

Food poultry meat (dressed) 



f’ORK 

FOod pork (dressed) and lard 



IPORK 

Food pork^ (dressed) 



[.AMH 

Food lamb (oressed) 



Mll.k 

F ood milk 

Billions of lb 

BC2:F 

F ertili/ers 

Billions cif 19.58 dollars 

b(:2:p 

Pest ic ides 

Hiilion 

is of 1958 dollars 

BC31 

Petroleum products 

Billions of 19.58 dollars 

STGOV 

(tovcrnment operations (1958 package) 

One unit 


, P, or \ at the end of a crop ...ime denotes a process without the n(afnal inputs of fertilizer, pesti¬ 
cides, or both, respectively. 

^'I 0 reduce intake of fats and ()r calories, the oil or fat is not used for food. 






TABLE A3 
Technology MotriK 






f 

1 

* 

s 


7 





PI HCA 

HUH 1 

H( ill 

HC02 

HllA 1 

r«H 1 1 

HX 1 ’ 




C4LMi 

'll j.o''coo:i 

-1146.000330 

-I24?.ro'')30 

-1 242. '00c '•C 

-6M4.''':3103 

- 1 1 76. 13,. 

-It 7'.. • - ' 

-1 If. ft.'--' -3 

2 

* 

MP« J 

24,1OOOOO 

-6.100300 

-)?.43 COO 

-)2.603f00 

-26.900 )-,»0 

-26, JCj' 1' 

- 26. l?', ' 

- 16.6'f -** 


• 

f A f 

2 4, 4 400 0 0 

'7.000C0P 

-1 IrSOOOOC 

-IS.HfJ'-'fC 

-13.33’30'i 

-4.SOI'.' • 

-4,6 • . " 

-6.6'*■;6 

M 

* 

X AUN 

0.004240 

-0.011400 

-O.O.W4TO 

-0.30960(' 

-C.JITI'O 

- 3. '‘•'ftft 

. ..ft '> 

. 'a' - *' 


» 

CALL 

0. ’0400 

-0. I’.iOOO 

-0.0 )400v 

-0.0 14*06 

-c .09>o: ■< 

-C.126*'' 

- . 1.’ '•<■ •' 

-* . ■ 9.. - 03 

6 

» 

NUT t 










e 

NUlT 










- 

hmT 

9000. OO^’OCO 

-C.9>-3:;C0 

-0.66''3'33 

-6.8Aoor* 

-C.:93j03 

- •. 72j" 

- -.72 "• 

- • . 74; - : 6 



EATNA 

40.903300 

- 7.OOOOOO 

-1 l.«''-000 

-1 l.HC 30-10 

-13.vG*3C3 

S . 4 ' * : ' ■ 

-C.s, 

- 4 . ft • • * ' 3 



CAL 4 A 

1160.000300 

-11 *’6.000'''’0 

-1242.000003 

-i2'2.30ocor 

-666.3u'.'J'30 

- n 76 ,1 :o' • 

-1 1 U. 

•IMS,'* 

1 


f UlUT 



-C.090003 


-C . 1 T-i j'^3 

- r. V 41 ’ • 


- * . 16 ' ■ 

U 


f iiau»« 



-0,^-9.->000 


-C. 1 7 Jj3 

- 14 IC ' ■ 


-'.16. ' -3 

11 


f UHOG 



.ogoooo 


-U,IT''*3.>'' 

- •'S 46 


-3. 61' ■ ' 6 

14 


fUPU 




-(•..'!90'3r 



- . <• 1 


14 


PAJfd 



o.:*h2".' 


c.c|4:o3 



• 2 ' r ^ 

16 


PAiJH U 



*.00823-' 


-0.014,303 

• 1 ' 7' 1 ' 


-*.'2; ' 1 

J 


"AUmJ 



i3.C'3H2'.!' 


•0.''l4OL3 



-6.'2,'*' ^ 

IS 


A«'>P J 




0. 31 i.-c* 





I** 


L Ml 



-f. ,ll lOOC 

-0. iKOOf 

-0.46' ' -< 

6f,6r - 

- * . • ft 

-'.1'3* • 6 

^0 


LA»16 


3. 72*»0'i3 









ML A IN 


0,726000 







a 


L ACUA 



26-1003 

C.26H*3!> 





n 


L AOAT 





'.692 )L3 






LANtC 






i..’‘-2 ’ 

'.24 •• 




LAWtE 








-.787 'I 

<!6 


L APE A 









21 


lAcnr 











i ASU» 









2<* 


LABf A 









>0 


lATAU 









M 


LA PUT 









12 


L ASW( 









n 


1 AHI f 









u 


LACAN 









14 

* 

LASilG 









16 

* 

LASDH 









IT 

• 

1 AAAA 









m 


lAHAV 











LAPA4 









♦ III 


LAGAA 


( . T.’ftOOO 

■'.26-''* -O 

0.. ,'680; •> 

0.30 5 



*. 78 7' ■ 6 

%\ 

* 

L*T*.A 


•'>. 726000 

6,2ftH.'41 

0 . >ft8, >41 

: .6¥,-;)0-- 



-. 7 8 7' 

42 

« 

lAtLA 


0.726000 

. .*ftH Ov ? 

0.26H01. 

. .• 92 l 3 

. .’42 

»s ' 

• . 787 • 1 

4 t 

* 

HXl 


'*.0)4600 

•<.•■ 14U\ 

r. *4|0(' 

C . .-MHl ■> 


. '6 ’ ' 


44 


ST 


4 40C30 


0 . , 

'. ‘7.. ' 

.89 • ■ 

. <'» 

' , 7ft‘ 

44 

• 

I'h TA,} 


1.240000 

0.42 <301 

>■*. 

2.92. <33 

'.66 


I . 161 ft 

46 

* 

CAT IM 









kt 

• 

CAr>E 4 









44 

• 

a 


l.OvOOOO 

i.on-. i' 

1 .V •. 




1. ■ '■ 

4<4 

* 

SPCf A 





1 . '6v •• 3 




40 

* 

SPmK 






1.3'''3v '■ 



41 

« 

SPill 1 









42 

* 

SPAT 









41 

* 

SPCN 









44 

» 

SPsur 


••.■.214-'-'' 

• .iMl.V, > 

-I'.lHxlO X 




' . ‘10 ■ ' 

44 

* 

rti 16 

-<. 00 7 11 0 

l.O'l ^41 

'.0>-’6l2 

1 .O--’. • . • 

0 .V O- 4 *9 

•. > 1 '7 

7,| 

■ .ft . H S6 

46 

* 

nt 24 

L. J3i)3 76 

I. 1. 6744 

'.”>1)7 

U. 3C--1 

V . ' u.i2» 

' '1 H7 

. t '- 7 

■< , 7 1 4 1 

4 f 

* 

HI 27 

0.0-’4lS t 


v'.''’M627 

0.06) ft.-y 

1 66h 

1. 16,,ft-.. 

-ft' 

' . ■ , '49 

46 


rtl 2T 

0.0jH09ft 

' .''Op.47 

.'.*33978 

0,34 -3976 

. 2 .11 3 .' 8 

', 3 n 7 

' !'• 7 

, • 1 4 48 

4<« 


»» 11 

0. ’3 7446 

..'<■'6.176 

>■ .. i3 1466 

C . )•' t 4ftft 

- , .3 ' ft M 1 


. • ' 4 

. ■4146 

A,(' 

* 

ill 1 7 

0. ’3ls23 

. 1 • M 4 1 

0.6^1361 

0.3''l9hl 

. .JO. 4/6 

1 "7-< 

. " 7 -, 

. ' • 7 '.> 

M 

« 

HI l e 

0.0 )J11 6 

. •< • l.’ftt 

’ .O 1 9| 6 

r.ooiNM 

■ . Jv 66.’ 

4 < 7 

. - H J; 

.’ft- ■ 

I'm’ 

• 

Hf Nt T 

0.007461 

•. ' 'Hf'M 

. ..'IMM 

■'.3''Sl6l 

0 .4 Jl 169 

. • .4., 

. '14-*, 

. ■ ’ 1 ■ ft 

6 1 


It 64 

0. M 126.’ 

' . >2 7‘*<.0 

1 , tft IH 7 

1'. lift 19/ 

J.OOnftjS 

: 16*. j 

•.6,1,. , 

ft ,4 

04 

• 

SI 6ft 









ft 4 

« 

HIM 

0. '\'7.’ 

I , 1 ’ 1 1 1 6 

' . • 3 vl -*7 

. on 1 19 7 

' .. J 1 1 7 

. M ' • • 


' . ' '71 

ftft 

* 

6l *4 

'. •< 13.’9 9 

0 , ,■* 1 < * t 7 

’67 

"..11 I'fftf 

. .0 ll.’Mft 

. ' 1- 6 4 

... ', • < 4 

-ftl 'ft*, 

6 / 


m -^4 

' ONh 7 

.■<, 'M644 

0 .. 0. 6 »ft 

O.OH.l.Of. 

1' . . 3h4 

'-116 

! I-' 


66 


Vft 

\ '1 >71 

1 ..12 4.’4 » 

J ..• • 493 

0,0. .’6-»n 

0-. . K 486 

.0 7 1 • 

’ • 

'.' *-47 

6'* 


61 <7 

'1 '1 1 7 

'.T<2 16.’ 

i'.' 11166 

• . 3 ” l ' 6 6 

'216 

: . > >2 


' . 1 ' 6 

£_J 


-44 

1 

), ,1';04 7H 

t».-> 3 > » W 

o.oCii * '9 

•• . '■364 

. 1 16 'ft 


.1' ,71 

f 1 


HI 1 0 * 

’ . ’’ 1 4 J 

>0'lu- • 

f .< lOt'Tl.' 

r , '■» y,..i / 

3..JJ* ) >1 

1)3 - •! 

' ' ' ' • 1 

’ . 1 

12 


If u 7 

I Nn4 

-.0001 M- 

O.-lfl >06 ) 

H. )i '3''.rlL 

4 . 1. 26 / 

lo <; 

• '• ,J 

.4 111 

1 1 


1 AHvIK 

. 1 H 7 7 

1 tl 7e4 

1 .1' 19<-34 

4. , 3 11(">4 

1 .0 14.».14 

7 


’ . '-••‘*8 » 4 

14 


( Nil* 









M 


M4P.1M 









16 


M4HI 1 









11 


NAI ..X, 









16 


NAP.ai 









f> 


MAiAN 









no 


7 ■ ¥t 










41 ♦ 

• ; ...IVI 


46 




















TABLE A3 (continued) 





9 

iO 

1 1 

12 

1 > 

18 

1 4 

16 




H«r2 

HPfl 

HCM 

HSTl 

m6»2 

H4T 3 

H<,V4 


J 


CAINJ 

-n«6.oooooo 

-1710.000000 

-f.l«.000000 

-I8T8.000POO 

-696.000000 

-696.003000 

- r 74.. 1 

-J • 74.(336004 

? 

* 

HP'«U 

- 36.4OC0OO 

-02.300000 


-142.600000 



- 1 42.63i- 

-142.6P2'0n 

) 


f AT 

-4.400000 

-134.100000 

-69.900000 

-«2.400C0P 

-7b.600000 

- 78.8003-jO 

- 3. *3.-/ . /, 

-rt2.43C303 

4 

* 

1 4'JN 

-G.006000 

-0.004000 


-0.0888(50 



-6.0884" 

-3.0*'430 

b 


' ALC 

-0.096000 

-0.226000 


-0,'»08000 



-0.904C'6 

-T.9383(1rt 

f. 


NijT * 









1 


NuTr 









8 


MMT 

-0.740000 

-0.470t00 

-O.iSOOOO 

-0.-73C000 

-0.1/ 3-300 

-0.17 33 1,- 

- 1,9 3'''f-•'6 

-■'.931 O'O 

9 

- 

FA79A 

•4.400000 

'134,100000 

-69,900000 

-82.40P00'' 

-7«.d00300 

- 7*3. rtOCr 

- 3. 7 33.;r'> 

-rt^.sO-'DO 

10 

' 

CALNA 

- 1106.000000 

- 1710.000000 

-0.610000 

•-:878.)ooooo 

-696,003000 

-6 96.Or’' .. ' 

- 7 7S.'1''*".'3 

-18 78,300 330 

11 


futui 



-0.870000 


-l,/1w'3C'3 




12 


FUWUH 



-0.870000 


-1 ./dOOCO 




t) 


f JMUo 





- 1.20OOOO 




1^ 


f UP l 

-0.16COOO 





- 3. 743-!T‘ 



1“ 


pi; t;] 



-0.160000 


-0.24 300-' 




It; 


. ~ ;«U 



-0.160000 


-C.243000 




1 1 


-ijMO 



-0.I60D00 


-t,243003 




18 


PH.IPU 

-C.022000 





•• •?. 64:'*3 



19 


i WT 

-C. 190000 


0.470000 


-J.49300) 

-•>.49'33:- 



2C 


LAtlHF 









21 


MINIS 









22 


1 ACOK 











( A }A T 









24 


lAHlC 









/S 


[ ’RtE 

0.7a 7000 








24 


t. AP( A 


0-697000 







22 


1 ACUT 



1 , 197000 






28 


t A$OT 




U.600030 

c.^rtoos'-: 

•: .68’'30- 

' . 6 •* 

'5.680320 

2'i 


1 ARF A 









)0 


(.AFKU 









u 


1 APUT 









’ 


LASM^ 









' < 


1 A8F i 









>4 


1 A. \S 











1 A VC 









*1 


1 a iiiA 









32 


1 AHA8 









38 


■ ahav 











IPAS 









• 0 


4. A :.a A 

0. 78 7000 








•1 


IATC« 

0.7d 7000 

0.69 7f00 

1 . 19900.5 

0.88', sv 

■ J 

'>,64 ) >• 

• .64 ' ' ' 

' , 6»* ■ '3 

4 2 


lATlA 

0. 79 70C-3 

0. 69700 

1 . 19900J 

0.6rt3.>;)r 

. * 6 a V 3. 0 


.6M ' 

^,SH3 ' >0 

4 i 


FFNT 

0.020000 

0. )a0700 

n.197000 

r.3i6f 3 

.: i6'.j3 

0.0lrt3'3 

>. '166 >3 

3.,.166' 6 

.4 


PI sr 

2. 760000 

0,070000 

6,16000 

P. .■< 70G '<• 

'.07-OC3 

3. ; 7}- ). 

7 3<- >•> 

3.3 7 r « ' 0 

44 


PI TtO 

1. 36-^000 

1,810000 

4.243000 

1 . 76''60f 

1 . 76 500 .3 

I.76pjj' 

1.76' '• 

1 . 7m ''30 

46 


CAFea 









47 


CAPF 4 









48 


4P.>flA 

1 . 30000. 








49 


SPCi« 









40 


4P«CC 









41 


..Pill 



1 .rooo )w 

1. 3C0'2. . 

1 . ' ' 03 

I . 3''3 ' > 

1 .'"T ' 

1 .per 3r 0 

42 


4P8t 









4 3 


SPlS 









44 


S' •' 

- 0.; Jooo ) 



7*400 ' 



. 7rtrt' •> 

3 . 7 a H 3 0 3 

44 


ttl ; '• 

0. 000946 


-■.0020 ij 

0.J3J886 

r . )J'5 309 

. 30>» 'V 

2 , .'6-- 8S6 


4t> 


8( .’4 

3071 M 


,5 .0 > 3 4 34 

U.JChJ * , 

. 3J.- 4(38 

3.0024 38 

. . 


4 1 


' • ■ 1 

O.Oi 22 4 9 


.3.03 36 1 7 

-3« ' •» 

■'.>■3411 

'..3v' «8l I 

. -'S.-S 


48 


HF 29 

0.001 34H 


O.t'.'OOH « 

O.C'CU-5 8 

. .0 22 84* 

>.30'4S« 

'.•-■'I :i 4 


49 


rtf 31 
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TABLE A3 (continued) 
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TaBI.E A3 (contmuftd) 
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